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1.2 Scope.- The purpose of this document is to specify a three dimensional,
all solid-state, unat tended surveillance radar. This radar is being procured
to replace the existing goint-use [United States RAir Force (USAF) and Federal
Aviation Administration (FRA)] search and height-finder radars (RRSR-1, -2,
-3} AN/FPS-20/60Q series and AN/FPS-6/390/116). It will provide three
dimensicnal (range, azimuth ard height) digital data on aircraft targets
within a 250 nautical mile (nm) radius centered upon the radar at altitudes up
to 100,002 feet (ft.) above Mean Sea Level (MSL) and -7 to +30 degree
elevation angles. Separately contraolled and programmable data ports shall be
provided for the FAA Air Route Traffic Control Centers (ARTCC) and the USAF
gector Operations Control Centers (s0CC).

z.@ Applicable Documerts.— The following specifications, standards, and
other documentation form a part of this specification and are applicable to
the extent specified herein, except FRAR-G-21@Qe. FRA-G-212@e applies in its

entirety as revised herein.

.1 FAA Drcuments. —

n

]

.1.1 FAR Specifications.—

FRA-E-2217 Digital Data Communications System
FAR-E-2313b Air Traffic Control Beacon Interrogator
FAR-E-Z673a Common Digitizer - 2 (CD-2)

FAR-E-2716 Mode Select Beacon System (Mode g5) Sensor
FAA-E-2751 Mode S Antenna Group, En Route Array
FAR-G-210Qe Electronic Equipment, General Requirements

.2 FAR Standards. -

I\
.
-

FAA-STD-@12a Paint Systems for Equipment

FAA-STD-@13a Lightning Pratection, Brounding, Bording, and
Shielding Requirements for Facilities

FAAR-STD-0Z0a Transient Pratection, Grounding, Banding, and
Shielding Requirements for Equipment

FAA-STD-@24a Preparation of Test and Evaluation Documents
NAS-MD-73@ Maintenance Processor Subsystem to Remote

Monitoring Subsystems and Remote Subsystem
Concentrators
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NAS-MD-732 Operational Requirements For The Remocte
Maintenance Monitoring System (RMMS)
NAS-MD-793 Remote Maintenance Meonitoring System Functional
Requirements For The Remote Monitoring
Subsystem (RMS)
2.1.2.1 FAA Orders.-

FAA Order 1@12.31A U.S. National Stardard for the IFF Mark X (SIF)/
Air Traffic Control Radar Beacon System
Characteristics

FAR Order 3910Q.2R Radiation Health Hazards and Protection

Military and Federal Publications. -

rn
ny

.1 Military Specifications.~-

o
g

MIL-C-1530@SE Coils, Fixed and Variable, Radiofrequency,
General Specification for

MIL-C-33@1@C Coils, Fixed Radiofrequency, Mclded, Established
Reliability, General Specification for

MIL-F-137336 - Filters and Capacitors, Radio Frequency
‘Interference, General Specification for

MIL-H-46835B Human Engineering Requirements for Military
Systems, Equipment and Facilities

MIL-HDBK-472 Maintainability Predictions

MIL-P-288@3A Printed Wiring Assemblies

MIL-5-195006 Semiconductor Devices, General Specification for
MIL-T-27E Transformers and Inductors (Audio, Power, and High

Power Pulse) General Specification for

MIL-T-219238D Transformers, Pulse, Low Power, Gereral
Specification for
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2.2.¢2 Military Standards. -~

MIL-STD-275E

MIL-STD-434K

MIL-STD-461C

MIL-STD-4E62

MIL-STD-4E93

MIL-STD-471R
MIL-STD-721C
MIL-STD-781D
MIL-STD-7BSR
MIL-STD-81@D

MiL-STD-883C
MIL-STD-1130B

MIL-S5TD-1252
MIL-STD-1472C
MIL-STD-15218

¥I1L-STD-2@76

Printed Wiring for Electronic Equipment

Standard General Requirements
for Electronic Equipment

Electromagnetic Emission and Susceptibility
Requirements for the Control of Electromagnetic
Interference

Electromagretic Interference Characteristics,
Measurement of

Radar Engineering Design Requirements,
Electromagnetic Compatibility

Maintainability, Verification/Demonstration/
Evaluation

Definitions of Terms for Reliability and
Maintainability

Reliability Testing For Engineering Developmernt,
Qualification, and Production

Reliability Program for Systems and Equipment
Development and Production

Environmental Test Methods ard Engineering
Guidelines

Test Methods and Procedures for Microelectronics
Connection, Electrical, Solderless Wrapped

Corrosion prevention and Deterioration Control
in Electronic Components and Assemblies

Human Engineering Design Criteria for Military
Systems, Equipment, and Facilities

Technical Reviews and Audits for Systems,
Equipment, and Computer Software

Unit Under Test Compatibility with Autcomatic
Test Equipment, General Requirements for
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2.2.3 Federal Documents,.-

AFR 80@-18 DOD Engineering for Transportability

AFSC Design Hdbk 1-2 General Design Factors

AFSC Design Hdbk 1-11 Air Transportability

AFSC Pamphlet 800-27 Part Derating Guidelines

CSESD-11, I Communications Security Equipment Specification
for Fill Devices, KYX-13, KYX-15, KOI-i8 (W),
National Security Agency, (Confidential- COMSEC)

DOD AIMS 64-900D Performance/Design and Qualification
Requirements, Mode 4 Input/Output Data,
KIT/KIR-1A /TSEC

DOD AIMS 65-1000B Performance/Design and Qualification Requirements
Technical Standard for the ATCRBS/IFF/MARK XII
Electronic Identification System

DOD-STD-1686 Electrostatic Discharge Control Program for
Protection of Electrical and Electronic Parts,
Assemblies and Equipment

DOD-STD~-2167 Defense System Software Development

NAVMAT P4855-1 Navy Power Supply Reliability, Design, and
Manufacturing Guidelines

NSA 85-2C Performance and Interface Specification for
TSEC/KG84C, General Purpose Encryption Equipment
(GPEE) (U) (Confidential-COMSEC)

RADC-TR-82-172 RADC Thermal Guide for Reliability Engineers

Rirworthiness Standards: Transport Category Airplanes, Fire Protection,
Compartment Interiorsi Federal Aviation Regulations, Part 25.853(b)

Manual of Regulations and Procedures for Federal Radio Frequency
Management: Issued by National Telecommunications and Information

ARdministration (NTIA)




G}

AC 7@/746@-1

ANSI X3.4-86

ANSI X3.66-73

ASTM B4

ASTM GS3-84

EIA-RS-232D-87

EIA-RS-422A-78

EIA-RS-530-87

IEEE-STD-488-78

1EEE-STD-796-83
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Other Publications.-

Advisery Circulari Obstruction Marking and Lighting

Information Systems — Coded Character Sets -
7-Bit American National Standard Code for
Information Interchange (7-Bit ASCID)

Advanced Data Communication Control Procedures
(ADCCP)

Coppers, Classification of

Standard Practice For Operating Light- and
Water-Exposure Apparatus (Fluorescent UV-
Condensation Type) for Exposure of
Normetallic Materials

Interface Between Data Terminal Equipment and
Data Circuit Termination Equipment Employing
Serial Binary Data Interchange

Electricai Characteristics of Balanced Voltage
Digital Interface Circuits

High Speed 25 Position Interface For Data
Terminal Equipment Cornnector and Data Circuit -
Termirating Equipment

Digital Interface for Programmable Instrumentation

Microccomputer System Bus

Copies of this specification ard ather applicable FAR specifications,
standards, and drawings may be requested in writing from the Contracting
Officer at the following address: Federal Aviation Administration/ALG-342, 800
Independerce Avenue, S.W., Washingtom, D.C. 2@531. Requests should fully
identify material desiredi e.4., specification, standard, and drawing numbers
arnd dates. Requests should cite the request for proposals or the contract
invoalved or other use to be made of the requested material.

Informaticn con obtaining copies of federal specifications and standards may be
sbtained from General Service Administration Offices in Atlanta, GAi Auburn,
WA3 Boston, MA3 Chicago IL; Denver, COj Fart Warth, TX; Kansas City, MO3 Leos
Angeles, CAi New York, NY3i and Washingten, D.C.

Copies of the military specifications, standards, and ASTM publications may be
sbtaired by addressing the Commanding Officer, Naval Supply Depot, sea@1 Tabor
Avenue, Philadelphia, Penrisylvania 1312@.

-5—
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The RADC Reports may be cbtained from the National Technical Information
Service (NTIS), Springfield, VA 22161, telephone number 7@3-487-463Q. Mail
requests should cite the RFP or contract for which the materials are needed.

Copies of Department Of Defense (DOD) Air Traffic Control Beacon Interrcgator
Identification Friend or Foe Mark XII System (RIMS) specifications £5-100@B
and 64-9@@D car be obtained from the Director of Material Management/MMAM-
AIMS, Robins AFB, GA  31@38.

Copies of National Fire Protection Association (NFPR) publications may be
cbtained from the NFPA, Batterymarch PRark, Quincy, MR ©@226&9.

Copies of the American National Standards Institute (ANSI) publications can be
cbtained from the ANSI, 143@ Broadway, New York, NY 1@@i8.

Copies of Electronic Industries Association (EIA) documents can be obtained
from the EIAR, 2001 Eye Street, N.W., Washington, D.C. ZQ@é.

2.4 Precedence of Documents.- If the requirements of this specification or
subsidiary documents are in canflict, this specification shall have precedence
with the sole exception of FRA Order 181@.51A identified in 2.1.2.1. In the
event of conflict between FAA Order 1010.51A and this specification, FAA Order
1210.51A shall have precedence. In the event of conflicts between FAR
document (s) and military and federal document(s), FAA document (s) shall have

precedence.

2.5 Paragraph Referencing.~ When paragraphs are referenced herein (whether
to other paragraphs in this specification or to other documents) all
subordirnate paragraphs to those references shall apply.
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2.9 Requiremnents. -

3.1 Summary of Equipment and Services to be Furnished by the Contractor.-
The contractor shall furnish and install the quantity of radars, Air Route
gurveillance Radar - Model & (ARSR-4), and other equipment, materials, and
services specified in the contract. Any unit or part, except for gereral
purpose test equipment and common hand tools, necessary for operaticn and
adjustment in accordance with the requirements of this specification shall be
incorporated even though that unit or part may nct be specifically provided
for or described herein. All features required to meet performance
requirements, such as shock mounting of particular Line Replaceable Units
(LRUs) or assemblies, heat circulation by means of blowers, controls,
indicator lamps, averload protection devices, meters, test points, interlocks,
switches, etc., shall be incorporated even though the features may not be
specifically provided for, or described herein. All facilities, parts, and
hardware, including receptacles, connectors, cabling (wiring), adapters and
-utlets shall be incorpaorated to enable the units of the subsystem or system
to be properly assembled, interconnected, installed, and maintained as
required herein. Each subsystem and system shall be complete and in
accordance with all specification requirements stated herein, including the
radome.  All equipment supplied by the cantractor shall be of such a design
that its operation is fully compatible with all External Interface Equipment’s

(EIE's) aperation.

3.2 Nat Used. ~

-

.3 Definiticns.-

1]

3.3, Prircipal Azimuth Plane.-= The principal azimuth plare in antenna
arrays refers to the anterna frame of reference, with the coordinates row (r)
and column () that intersect at or about phase center. One of the principal
plares is rormal to c (with co-phase column elements) and passes through

row . When the antenna is in the upright position, this principal plane
coincides with the lmcal horizontal, and refers to the principal azinmuth
plare.

When the column elements af a planar array are given a phase differential, the
principal azimuth plane transforas to a conic surface. The cenical axis
coincides with the ¢ coordinates, and its included angle 1is commensurate with
the phase differential.

Azimuth anterma patterns, that are taken in the prirncipal azimuth plane of its
transform conic surface, demonstrate an angular dependence oNn only the v
coordinate illuminaticn function. This folleows since the phasing in the
column elements remain unaltered anywhere in the principal azimuth plane. The
c coordinate illuminaticn function is therefore decoupled From the azimuth
antenna patterns.
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The principal azimuth plane of a reflecting antenna subsystem is a plane which
includes the line of maximum radiation from the antenna, and an intersecting
horizontal line which is normal to the line of maximum radiation. This
definition applies to the elevation/scan angle of the antenna.

The principal azimuth plarne is by definiticn identical in planar and
cylindrical arrays.

3.3.2 Principal Elevation Plane.- Arrays with co-phase row elements have as
the principal elevation plane, the plane normal to the row (r) and that
includes column (). This definition assumes that the rows are parallel to
the local horizontal, thereby aligning the principal elevation plane parallel
to the vertical plare.

This definition precludes cylindrical arrays, whose elements are phase tapered
by design. Elevation plane pattern measurements taken of a cylindrical array
will in general exhibit elevaticn angle deperdence on both ¢ and r
illumination functions. However, the vertical plane will here be referred to
as the prircipal elevation plane with regards to the elevation pattern
measuremnents for all antenna arrays.

The principal =levation plane of a reflecting antenna subsystem is a vertical
plare passing through the center of the reflector ard including the line of
maximum radiation,

2. 3.3 Peak of Beam.-~ The peak of beam of the anterna is defined as the
intersection of the principal azimuth plane with the principal elevation
plane.

2 A5

2.3.4 Nautical Mile.- One nautical mile (nm) equals 12.3586 x 1@-¢
seconds/radar mile. The speed of light equals 2.9971@ x 1@* meters/second.
Therefore, one nautical mile equals 6376.1291 feet.

2.3.5 High Sited Site.- The term "high sited site" (may also be referred to
as "high site) refers to a site in which the facal point of the anterma is at
€,50Q0 feet above Mean Sea Level (MSL).
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3.3.6 Low Sited Site.— The term "low sited site" (may also pe referred to as
"low site™) refers to 3 site in which the focal point of the antennad ig at 350
feet above Mean Sea Level (MSL).

3.3.7 Reflectivity Factor (Z).~ The reflectivity factor (I) 15 defined as
the cummat ion 9Ver unit volume of the sixth power of the particle diameters
for rainfall. For this specificatiOﬁ 7 = 200 r*-* (dpz = 1@ lecg 7) shall be

used, where T is rainfall rate in millimeters/hour and Z is in mms /m3 units.

3.32.8 Field Qd]ustable/Selectable.— An adJustment or selection of a
parameter that can be made at both the site and from a remcte location via

RMMS.

5.3.3 gite Qd]ustable/Selectable.— An adjustment or selection of & parameter

that can be made from the site only.

3.3.1@¢ Line Reglaceable Unit (LRUW .- Aan LRU is the lowest unit {e.gQ.,
module, circuit card assembly, printed circuit card, antenna bearing, etc.)
that will be replaced within the aperating gystem during on-site maintenance
activities. It is a separate installable, physical package which performs a

single function or group of claosely related functicons.

3.3.11 Site Visit.- A gite visit is defined as an entry inte the area
containing the ARSR-4 for the purpose of performing preventive or corrective
maintenance.

3. 3.18 Failure.~ Failure is defined as the event, or incoperable state, in
which any nit or part af a unit, goftware, 9 firmware does not, o would
not, perfaorm its intended functicon ar capability.
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2.4 System Performance Reguirements.- The ARSR-4 shall simultaneously meet
all of the specified requirements. All ARSR-4 requirements will be evaluated

by the Boverrmert using the performance levels specified herein.

The ARSR-4 shall meet the target detection performance specified in Table 3-1
in the specified clutter environments and in the actual site clutter
environments at each ARSR-4 installation site. ' The radar system shall be
desigred to achieve this target detection performance even if the clutter
envirorment where the radar is installed is less stringent than that
specified. If the clutter levels in range, azimuth, and elevation cells at a
radar site are more stringent than that specified, the contractor may only
degrade target detection performarce in those cells where terrain, rain and
angel clutter levels exceed the values specified. However, this degradation
of target detection performance shall only be permitted in the range, azimuth,
and elevation cells where the contractor can prove to the Government that
these clutter values experienced exceed the specified levels. At no time
under any clutter envirorment shall the ARSR-4 system exceed the 194 false
reparts requirement specified in paragraph 2.4.1.6. All specified target
detection performance and false report rates required in specified clutter,
actual site clutter, and in the clear shall be tested and verified at each and
every field installation site to ensure compliance of all the specified
detecticn performarnce requirements at the radar’s operational installation
site environment.

The ARSR-4 shall be capable of determining range, azimuth and height data on
each target detected during each azimuth scan. It shall be capable of
detecting fixed wing and nonfixed wing aircraft with ground speeds from 25
krnots to 3000 knots.

The scan pericd of the ARSR-4 shall be 12 secaonds (5 revolutions per minute
[rpml) +/-@.1 seconds as measured at any or all angles.

The ARER-4 shall be capable of detecting and reporting aircraft targets to a
range of 230 nm and from the earth’'s surface as low as -7 degrees to a maximum
of +30 degrees in elevation and tc a maximum height =f 100,222 feet MSL (see
Figure 3-1) in accordance with Table 3-1.

The ARSR-4 shall be capable of being operated and maintained without permanent
on—-site personnel. Scheduled orn-site preventive maintenance shall be required
na more than cnce every 31 days.

Target overload conditions shall be handled in such a marnrer so as to
eliminate radar data of least importance first and radar data of most
importance last. The actual priority ranking shall be approved by the
Goverrnment.

_1@_.
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3.4.1 Primary Radar Coverage.-

3.4.1.1 Search Coverage.=™ The ARSR-4 shall detect and report targets through
360 degrees in 2zimuth. The slant range coverage shall be from S to 3@ nm
zrnd the elevation coverage shall be to 120,000 feet MSL and from -7 to

+30 degrees with reference to a zero degree radar horizontal. Coverage at
1mokdown angles (+@.2 to -7 degrees) shall be site selectable. See Figure 3-1.

3.4, 1.2 Search Detection Envelope.-— The ARSR-4 system shall pravide the
target detection levels specified in Table 3-1 in the actual clutter
environment encountered at any ARSR-4 field site. The clutter levels
specified in Table 3-1 are the minimum levels in which the contractor!s design
shall be capable of providing the specified detection performance in clutter.
Additionally, the cantracteor shall provide the target detection performance
levels specified in Table 3-1 if the actual clutter levels experienced at a
field site are greater than those specified herein. Target detection
performance may be degraded in range, azimuth, and elevation cells where the
specified terrain, rain, and angel clutter levels are exceeded only if the
contractor proves to the Government that the clutter levels in those cells are
exceeded. The footnotes to Table 3-1 shall be interpreted as ARSR-4
requirements in the same manner as any ather requirement specified in this
specification. The specified performance shall take into consideration the
offects of all system loss factors, including atmospheric losses due to
absorpticn and lens—effects.

-11-
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TABLE 3-1 SYSTEM DETECTION PERFORMANCE
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May 6, 1988

Envirormental | Altitude | Radial(H) !Rpplicableﬁar‘geﬂ petection() | Detection(l)
Condition | Coverage | Velocity | Range | Gize | Probability | Probability

I | (Knots) | 1 | (Single Scan) {{Two consecutive scans)
Clear(B) |From the surface(C)l 89 - Max VIS - % mald. 1z |Pd ) B0 percent |

9 - Max VIS -
@ - Max VIS - 2%@ ral2. 2u® ithe specified

jand above a lire |
|tangent to the
lhorizon, up to
1100, 800 feet MSL.
1 (59,000 feet MSL
[for 0.1x® targets)

| | |

|
|
1 | 1 1
|
1 | | |

165 nall.One 1for 189 percent ofl

@ - Max VIS - 239 ra!S. 8% lradial velocities. |
|

|
|

e

Gea State Five(R) IFroa the surface(C)1 89 - Max VIS5 - 92 ral®.lz® {Pd ) B9 percent

|Pd ) 80 percent for

Clutter land above a lire | o9 - Max VIS - 99 rall.0u® |for 95 percent of 199 percent of the
reflectivity |tangent to the I 1 I |the specified Ispecified radial
{ng + 3dB {horizon up to ! | ! {radial velocities. jvelocities.

{Table A&) 1100,000 feet weL. | | 1 | 1At any velocity
(50,800 feet MSL ! | | | |between 20 and 730
|for @.1n® targets) 1 1 | | {knots, the velocity
| | 1 ! 1 Iresponse shall not
1 | | | 1 |fall more than 8 dB
i | | | | {below the 28 - Max v
| 1 | | | {knot mean level for at
| 1 | | l |1east one of the two
| | | | | |scans for targets Ym®

Terrain(R) IFros the surface(CH o0 - Max VIS - R nall.0u® 1Pd ) 8O percent |pd ) 88 percent for
Wooded Hills = land above 3 line | | |for 95 percent of 193 percent of the

© go § -17dB Itangent to the 1 l |the specified Ispecified radial
Mountains = {horizon, up to | i |radial velocities. jvelocities.

0o { -14dB {100,000 feet MSL. [ i |This requiresent |t any velocity
| 1 | ldoes not apply to |between 2@ and 708

Lowlands(E) = | o9 - Max VIS - 99 rm!l.0n® lthe spectral lknots, the velocity
| |density &8 knot |response shall not

(g = 3 degrees) | lcurve of Figure

vo { -28dB 1 |for lowlands.
(§g = | degree) | |
Ga i "39dB |

{8g =0.1 degree)l

|
|
x
l
|
|
1o ( -24d8 | 1 1
1
1
1
|
n
| |
\

|
|
|
!
|
!
|

Wooded Hills = t
go { -23dB |
Mountains = |
|

|
| 1
| ! |
1151 i ‘EﬁdB | |

A31fall more than 8 dB
Ibelow the 29 - Max v
{knot mean level for at
|least one of the two
{scans for the specified
|target sizes. This
Irequirement does not
lapply to the spectral
|density 20 knot curve
lof Figure A3 for lowlands
{
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TRBLE 3-1 GSYSTEM DETECTION PERFORMANCE (continued)
Environmental I Rltitude I Radial (H) IApplicable! Target I Detection(l) | Detection(I)
Cordition I Coverage IVelocity | Range |  Size | Probability |  Probability

| I (Knots) | ! | (Single Scan) |(Two comsecutive scans)

Superclutter visibility for rain(B)

Rain clutter(R,D) [From the surface(C)I0 - Max VIS - {10 ral  1.0w® |Pd )} 88 percent |
{ma/hr rain land above a line 10 - Max VIS - 168 ral  2.22® |for 109 percent of|
plus Bright ltangent to the 10 - Max VIS - 285 ral  5.8m®  |the specified I

Band or lhorizon, up to | ] I Iradial velocities |
cellular rain  [109,000 feet MSL. | l
{ 4m/hr I

I | |
I | ! I I
{Tropical amd | | I | | |
widdle latitude | | ! [ | |

I I | l !

[ I l I |
!
|

climatic |
conditions.) | |
| ] l I |
Rain clutter(R,D) [From the surface(C)I@ - Max VIS - 118 raiTarget size 1Pd } 88 percent
) 4mm/hr to land above a line 1@ - Max VIS - 168 mmlincreases Ifor 100 percent ofl
{ Temm/hr ltangent to the 19 - Max VIS - 285 rmlproportionalithe specified |
(Tropical and  lhorizon, up to ] I Ito the Iradial velocities |
widdle latitude 1100,200 feet MSL. | | lincrease in | |
climatic ] ! I Irain cross- | I
conditions) | | ! Isection | |
| ] ! labove 4mm/hr! |

Subclutter visibility for rain(G) (competing with clear(B) environsents. )

Rain clutter(R,D) IFrom the surface(C)I28- Max VIS - R nal 2.2x®= |Pd ) 80 percent |
{{ 10 wa/hr) land above a line | I l Ifor 70 percent of |
(Tropical and Itangent to the | ] | Ithe specified |
middle latitude lhorizon up to | ! | fradial velocities. |
climatic 1100,000 feet MSL. | ! I ! I
conditions) ] | ! | | l

-14~




TABLE 3-1 SYSTEM DETECTION PERFORMANCE (continued)

Environmental | Altitude i Radial (H) IApplicablelTarget| Detection(l)
Condition | Coverage | Velocity | Range | Size | Probability
I | (Knots) 1 ! | (Single Scan)

FRAR-E-2763b
May 6, 1988

] Detection(l)
| Probability
| (Two consecutive scans)

ANOMALOUS PROPRGATION (LOW SITED SITE OALY)

Duct ing (F)

| go-Max V 15 - 92 n=l0.1e® {Pd } B percent

Sea State Two(R) 1In a duct and

Clutter |from the surface(C)! 28-Max y IS - 165 raii.8a® Ifor 55 percent of
reflectivity land above a line | 28-Max V 15 -2%@ nm!2.2n® [the specified
{ ng + 3dB [tangent to the | 28-Max V 15 - 250 nai3.Be® Iradial velocities.
(Table R4} Ihorizon, up to | [ | |
100,000 feet MSL. | i ! 1
| (50,000 feet WL | 1 1 |
| for 0. 1m®) | | | !
[ i | | 1
1 | | | |
| 1 [ | |
| | | | 1

{Pd ) 8@ percent for N9
|percent of the
{specified radial
lvelocities. At any
jvelocity between 20 and
1789 knots, the velocity
|response shall rot fall
{gore than 8 dB below
lthe 2¢-Max V knot mean
[level for at least one
lof the two scans for the
Ispecified target sizes.

Through duct over water (F)

Terrain Lowlands|From the surface(C) | 28-Max V 15 - 165 nm!i.@a® |Pd ) 89 percent
G0 § - 45dB land above a line 1 20-Max V |5 - 200 rmi2.2n® |for 35 percent of
Itangent to the | 20-Max V IS - 250 ralS.8a® Ithe specified
lhorizon, up to I | fradial velocities.
1100, 008 feet MSL. | {This requirement
| ! ldoes not apply to
| Ithe spectral
! Idensity 20 knot
1
I

|for lowlands.
|
|

1
]
|
|
1
!
|
|
|
1
|
|
|

|
|
|
|
|
!
I | |
| | |
| | |
| | |

lcurve of Figure A3ispeci

|Pd ) 80 percent for
199 percent of the
Ispecified radial
{velocities. Dim
{speeds notch depth
|shall not exceed 8dB
|for at least one of
|the two scanms for the
fied target sizes
{for radial velocities
|from 28 to 708 knots.
{This requirement does
Inot apply to the 20
Iknot spectral demsity
jcurve of Figure A3
Ifor lowlands.
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TRBLE 3-1 SYSTEM DETECTION PERFORMANCE (continued)
Environmental | Altitude | Radial(H) | Applicable |  Target |  Detection({l) | Detection(I)
Condition I Coverage | Velocity | Ramge | Size | Probability I Probability

I | (Knots) | 1 | (Single Scan) | (Two

| | | | | lconsecutive scans)
Superclutter ~  IfAs stated | @-Max VI5-250 ns |18dB greater IPd ) 80 percent |
visibility for Ipreviously ! | Ithan the Ifor 108 percent |
surface clutter [for each ! ! Imean clutter lof the specified |
(terrain and sea) lenvironmental | | Ito noise Iradial velocities |
for both normal Icondition. ! 1 Iratio in | i
and anomalous ! I | leach [ !
propagation and | I ! Iresolution | |
for rain | | ! Icell. | I
competing with | | | | | |
surface clutter. | | | | ! |
Subclutter I1As stated IRs stated IAs stated [Target sizes IPd ) 89 percent IPd ) 88 percent
visibility for Ipreviously Ipreviously labove for lassociated |Ifor 95 percent of |for 99 percent of
surface clutter [for each Ifor each  Ifor each  Iwith each  Ithe specified Ithe specified
{terrain and sea)lenvironmental lenviron-  lenviron~  [Rpplicable Iradial velocities Iradial
for values {condition. Imental Imental {Range lin surface clutter Ivelocities in
greater than ! lcondition. lcondition. lincreased  lenvironments. Isurface clutter
those specified | | | Iproportional IThis requirement lenvironments.
previously. Thisl | | [to the idoes not apply to |This requirement
applies to both | | I lincrease in lthe spectral Idoes not apply to
normal and | | | lclutter Idensity 2@ knot Ithe spectral
ancmalous ! ! 1 labove the  lcurve of Figure A3 Idensity 20 knot
propagation. I | | Ispecified  [for lowlands. lcurve of Figure A3

| | | Ivalues up to | ifor lowlands.

| I ! la level | I

I ! | lequal to a | I

I ! ! lgg = -14dB | I

-16-
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Footnotes to Table 3-1

Clutter is defined in the Clutter Model in Appendix A. Figures
and Tables referenced in Table 3-1 can be found in Appendix RA.
The envirorments defined in Figure Al of Appendix R are idealized
sites for the purpose of evaluating performance in clutter. The
ARSR-4 system shall have sufficient waveform and processing
flexibility to adapt to the actual site clutter conditions. This
adaptability shall provide the same performance specified in Table
3-1 for the specified clutter levels, altitudes, ranges, and
target sizes at sites where the gecgraphical mix of clutter
differs as a function of range and azimuth from the idealized
sites specified in Appendix A.

nClear" is defired as those areas that satisfy all of the
following conditions:

(1) Areas defined in Appendix R as dominated by thermal noise.

(2) Areas not containing clutter from antenna and waveform
sidelobes which exceed thermal noise.

(3) Areas in the first (unambiguous) range interval that do not
contain second- and third-time-arcund clutter.

ngurface" is defined as that portion of the Earth's surface
between the ranges of 5 nm and the radar horizon (See Figure 3-1.

These superclutter and subclutter capabilities are specified
quantitatively for rain alone. The processes used for both sub-=
and super—clutter visibility in rain shall also be available in
combination with the clutter processing for surface clutter to
address those situations where rain arnd surface clutter cccur
simultanecusly in the same resoluticon cell (bimodal clutter). The
systen shall provide detecticn and velocity visibility at each
field site in bimzdal clutter situations commensurate with
combining the processes used for detection in rain and surface

(terrain and sea) clutter.

For grazing angles which fall at values ather than the S degree, 1
degree and 2.1 degree values specified, the applicable oo shall
be obtained by computing the 99th percentile levels using the
farmula in Table Al of Apperdix A.

-17_
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Footnotes to Table 3-1 (continued)

The detection requirements do not apply to the elevation gap
between the top of the duct and the critical elevation angle.

This angle should never exceed 1 degree and is generally less than
0.5 degree.

In the event that circular polarization is used to meet the
requirement for detection in rain, the target sizes specified in
Table 3-1 shall be reduced by S@ percent (e.g., 1.0m®* decreases to
@.35m*) for determining the Pd in rain. This reflects the loss
expected in backscatter energy from a given aircraft relative to
linear polarization. This loss of signal strength also exist in
areas where rain dees not exist, but need not be considered in
meeting the detection requirements of Table 3-1 in these area.
However, to minimize this loss, circular polarization shall be
field selectable and adjustable as specified in 3.5.6.2. If a
technique other than circular polarization is used to meet the
detection requirements in rain, any loss in detection resulting
from the use of this technique must be included in meeting the
performarce specified in Table 3-1 for rain. A loss of up to 3 dB
in detection performarce with respect to that specified in Table
3-1 for other environments will be permitted. However, to
minimize such loss, if it occcurs, the technique shall be field
selectable and adjustable as described in 3.5.6.2. The technique
rieed not be selectable and adjustable, if all detection
performance requirements specified in Table 3-1 are fully met
using the technique.

The maximum radial velocity (Max V) for use with this table is
stratified by altitude as follows:

Maximum Velocity Altitude
1,028 kriots @ to 19,000 ft. MSL
1,30@ knots y1Q,002 to 3@,000 ft. MSL
3,008 knots ) 30,000 to 120,000 ft. MSL

The single scan detecticn probability applies to each and every
range position throughout the specified detection volume and is
rnot to be construed as detection average over a range interval.
Similarly, the two consecutive scans detection probability applies
at each and every two range positions as may be encountered by any
target (3.4.1.35) on tws consecutive scans. The 1@ krot spectral
dernsity curve in Appendix A, Figure A3a applies to sections of the
table where lowlands clutter performance requirements are
specified.

_18_
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3.4.1.3 Height Coverage.~” The ARSR-4 shall produce height reports on targets
through 36@ degrees in azimuth and from 5 to 250 nm in range. The elevation
reporting coverage shall be from at least -1.0 (for high sited radars) /+8.2
(for low sited radars) tc 2@ degrees above the horizontal. Height of targets
sutside the -1.0/+8.2 to 20 degrees envelope (-7 to -1.0/+2.2 and +20@ to

+30 degrees) shall be reported and flagged as an invalid height report, but
excused from the accuracy requirements stated in 3.4.1.9.3. The altitude
cmverage shall externd to 10@,20Q feet MSL.

3.4.1.4 Height Detection Envelope.-= The height detection envelope shall be
the same as the search detection envelope specified in 3.4.1.2.

3.4,1.5 Target Definition.—- A target shall be defined as a manmade,
unambiguous in range, flying vehicle possessing the following characteristics:

(a) Radar Cross Section (RCS): @.1m* to 1@, 2QQm* (Swerling I}, for
linear polarization. (See footnote (g) of Table 3-1 for target
sizes in the event circular polarization is used.)

(b) RCS versus Altitude versus Velocity (Knots):

RCS Altitude Velocity
@3.1 to (1.0m*: @ to 10,000 ft. MSL 8g—-1000 (Radial)

g2-10@0 (Ground)

y12,008 to 30,000 ft. MSL ga-152@ (Radial)
80-150@ (Ground)

y3@a,0090 to 100, 022 ft. MSL gp-3002 (Radial)
g-302@ (Ground)

1.0 to 10,000m®: @ to 10,000 ft. MSL 2-1@82@ (Radial)
25-1009 (Ground)

y1@,00Q to 32,002 ft. MSL a-1S0@ (Radial)
25-1500 (Ground)

y 30,009 to 100, 000 ft. MSL @-2000 (Radial)
25-300@ (Ground)

(c) Dynamics: Maneuvers up to 2 Gravitational
Force Factor (g) of seven (7g).

(dy Type aircraft: Fixed or nonfixed winged.

© =19~
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3.4.1.6 False Reperts.- RAveraged over ten scans, the number of false
reports per scan at the output of the first function of the scan to scan
correlation function (3.5.11) shall not exceed a total of 194 from all causes.
A false report is defined as a transmission of a search message to the
ARTEC/SOCC on any cobject other than a target (as defined in 3.4.1.5). This
false report rate shall not be exceeded when the ARSR-4 is installed and
cperated at the installation sites. Additionally, the minimum clutter levels
that the ARSR-4 shall be capable of providing this false report rate shall be
those specified in Appendix A. ° If the clutter levels actually experienced at
a site are greater than those specified in Appendix A, the ARSR-4 shall still
maintain these specified false reports requirements. Additionally, false
reports from individual causes shall not exceed the false report levels in the

following list.

(a) noise: 4
(b)Y terrain and sea: 22
(c) vehicular traffic and angels: 7Q
(d) cellular precipitation: 120

(or combined cellular and distributed precipitation)

(e) distributed precipitation only: 2o

The contractor shall not resort to blanking in order to maintain the false
alarm rate requirements with the exception of target processing for vehicular
traffic (3.3.11). The false report count shall be based or the first function
output from the scan to scan correlation (3.5.11).

S:4.1.7 Performance in Clutter.- Apperndix A describes the radar clutter
environment for terrain clutter, sea clutter, rain clutter, arngel clutter,
ground vehicles and Ancmalous Propagaticn (AP). Signal processing, search

target extraction and scan to scan correlaticon shall address these clutter
conditions. The contractor shall design his waveform(s) and antenna beamwidth
to maximize interclutter visibility consistent with the overall specification
requirements. Each ARSR-4 clutter processing function shall have full
adaptability to the actual site clutter envirarmertal conditions. The ARSR-4
shall be capable of providing clutter processing over the entire coverapge
vizlume (3.4.1.1) on each anterna scan, enabling the ARSR-4 to provide the
specified target detection in clutter and false repart rate anywhere in the
coverage volume at the actual field site.
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3.4.1.8 Radar Target Capacitv.- The ARSR-4 will be operated in an air
traffic environment with wide variations in aircraft population and the
distribution of that population as indicated in the following list. The
number of aircraft, not including false reports, may vary from zero to the
maximum listed as a function of time or antenna azimuth or both. Beacon

target capacity is specified in 3. 4.2. 4.

(a) Steady-state maximum: 82@ aircraft returns within the primary
radar coverafe.

(b) Large sector peak: 5@ aircraft returns in each of eight
contiguous 11.25 degree sectors.

(¢} Small sector peak: 20 aircraft returns in gach of three
contiguous 1.2 degree sectors.

(d) Azimuth peak: 63 aircraft returns aligned in an azimuth
radial (could be in orne elevation beam).

(e) Range distribution peak: % aircraft returns within 4.3 nm interval
(excluding the @ to 5 nm range interval
from the site) not equally spaced.

3.4.1.9 Primary Radar ficcuracy.— The accuracies specified in the following

subparagraphs apply to all targets achieving a pPd of 9.8 or greater. During

the frequency—hopping mode of aperation (3.4.1.15.1), these accuracies do not
apply to targets competing with clutter, but do apply to targets in the clear
environeert.

2.4.1.3.1 Range Accuracy.” Within the primary radar coverage to 25@ nm, the
ARSR—4 system shall provide single scan range surveillance information which
is accurate to 1/15 nm [root-mean—squared (rms) values including all bias and
jitter errorsl.

2.4.1.9.2 Azimuth Accuracy.-— Within the primary radar coverage, the ARSR—4

shall provide singla scan azimuth surveillance information which is accurate

to @.176 [2 azimuth change pulses (ACPs) (referenced in 3.5.3.2)1 degree {rms
values including all bias and jitter errors).

3.4.1.2.3 Height Accuracy.~” Botween 5 and 175 nm on a o.2m® target, all
height errors measured (on a single scan basis) in any 35 nm interval shall be
within 3,02@ feet rms (including all bias and Jitter errors) of the target’s
true altitude. No height accuracy is required on height reporting outside the
-1.0/+2.2 to +20 degree height detection envelope (2.4.1.3 and 3.4.1.4). @At
ranges beycond 175 rm the height accuracy shall not decay beyond that expected
due to signal to noise ratic reduction and +he angular spread.

-21-
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3:4,1,1@ Primary Radar Resolution.- During the frequency-hopping mode of
operation (3.4.1.15.1), the following resolution requirements do not apply to
targets competing with clutter, but do apply to targets in the clear
environment.

3:4.1.18.1 Range Resolution.~ Between 5 and 200 nm, the ARSR-4 shall be
capable of resolving with a 9@ percent probability, two 1@m® RCS Swerling I
targets separated by 1/8 nm in range and in the same azimuth and doppler (if
used) resolution cell and within 2,000 feet in altitude of each other, while
maintaining the specified range accuracy stated in 3.4.1.9.1 for those targets

resolved.

3.4,1.10.2 Azimuth Resolution.- Both of the following conditions shall be
met.

At 1@2 rnm, the ARSR-4 shall be capable of resolving with 5@ percent
probability two 2.2m* RCS targets (T-38) separated by 1.5 degrees in azimuth
in the same range and doppler (if used) resolution cell and within 2,000 feet
in altitude of each other, while maintaining the specified azimuth accuracy
stated in 3.4.1.9.2 on each target resolved. This resslution shall be met
regardless of the relative phase of the signal from the two targets and while
maintaining the specified azimuth accuracy stated in 3.4.1.9.2 for those

targets resolved.

Between 5 and 200 nm, the ARSR-4 shall be capable of resolving with a 90

percent probability two 1@m® RCS Swerling I targets separated by 2 degrees in
azimuth and in the same range and doppler (if used) reselution cell and within
2,000 feet in altitude of each other. This resolution shall be met regardless
of the relative phase of the signal from the two targets and while maintaining
the specified azimuth accuracy stated in 3.4.1.9.2 for those targets resolved.

3.4.1.11 Primary Radar Time Sidelobes.- In the event that pulse compression
is used, the time sidelobes separated by more than 1/8 nm from the peak
response shall be at least 30 dB from the peak response of the pulse,
including the effects of Sensitivity Time Contol (STC) over the undecoded

pulse length(s).

3:4.1.12 Primary Radar Data Update Rate.- For each primary radar target
detected, the range, azimuth, and height data shall be updated once per scan.

3:4.1,13 Primary Radar Split Probability.- The radar data shall be processed
to yield no more than one output message per target per radar scan 99 percent
of the time.

3.4.1.14 System Data Delays.- Data transmission delays as specified herein
shall be attained under peak capacity conditions of 3.4.1.8 and 3.4.2.4,
assuming the user configuration of paragraph 3.5.13(i), and are referenced to
antenna azimuthal position relative to a target at antenna peak of beam.
Targets with an RCS below Iim* are exempt from this requirement.
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(a) When operating without Mode S, the ARSR-4, including Beacon Target
Processor (BTP) data, averall data delay from antenna peak of beam
to target report available at the input of the modems shall not

exceed 1.5 secord.

(b) When cperating with Mcde S, the ARSR-4 data delay from antenna
peak of beam to the target raport message sent to the Mode S
system shall not exceed @.35 seconds. The combined Mode 5/ARSR-4

delay from the anterma peak of beam ts target report transmission
to the cutput port (s) shall not exceed 1.5 seconds. This shall be
based on the Mode S processed data being sent to the editor
function by the Made g within 1.4 seconds after the antenna peak
~f beam on target. In the event that any Mode S data is not sent
to the editar within 1.4 seconds, the report transmission delay
shall be allowed &2 increase proportionately beyond the 1.5
seconds specified.

2.4,1.15 Primary Radar Frequency.- The radar shall be capable of operating

and meeting the requiremerts specified herein over the entire frequency range
of 1215 to 1400 MHz.

. 4.1.15. 1 Tunability.- The ARSR-4 shall meet the criteria for tunability
and for frequency spectrum capability stated in "Radar Spectrum Engineering
Criteria" of the NTIA "Manual of Regulations and procedures for Federal Radio
Frequency Management". The radar shall normally aperate on one 9r two
assigred frequencies, but have the capability tc change frequercies on a
pulse—to—pulse basis (frequehcy—hopping) an at least 16 discrete frequencies
distributed across the allctted freguency pard. It shall also have the
capability to determine the quietest of the 1& frequencies and transmit the
next pulse on that quietest frequency. 1f time does not permit the quietest
frequency gelection on a pulse-to—-pulse basis whern using high Pulse Repetition
frequencies (PRFs), then quietest frequency selecticon shall be on a batch-to-
patch basis during those periods implement ing the high PRFs. The automatic
celection in any frequency—hopping m=de shall be pseudo random, S92 as not te
reduce the Pd by more than 1@ percent of the unsquinted Pd due to missed
azimuth if the radar beam squints in azimuth with changes in frequency. A
pseudo-randon patch mode which maintains clutter performance in the frequency~
Ropping operation shall alsc be pravided. The selecticon of any or all
discrete frequencies and all modes of freguency operation shall be field
zelectable in at least three separate azimuth adjustable sectors or over the
entire 3EQ degrees. When there is nonsynchronous interference present that
has power levels within the range specified in Appendix B of this
specification, the Pd requirements do not apply when the ARSR-4 is in the
frequency-hopping mode of cperaticon. The frequencies for each system shall be
provided by the Government 12@ days prior to system delivery tc the site.
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2.4.1.15.2 Spectrum Engineering Criteria.- The requirements of the Manual of
Regulations and Procedures for Federal Radio Frequency Management, Paragraph
3.3, as issued by the NTIA, MIL-STD-461 and MIL-STD-469 shall apply to the
radar system (receive and transmit) described herein. In the event of any
conflict between MIL-STD-461, MIL-STD-4€£9, Manual of Regulations and
Procedures for Federal Radic Frequency Management, and this specification, the
most stringent requirement shall apply.

S.%.1.16 Primary Radar Jam Strobe Reporting.- The ARSR-4 shall provide the
capability of reporting jam strobes as described in 3.5. 8.

2.4.1.17 Weather Data Qutput.- A weather data processing function shall
provide three threshold levels of weather contour data for air traffic control
use and an analog weather data output for the RRWDS. Weather data shall be
provided as specified herein and shall be reported cut from the ARSR-4 in
range and azimuth. Weather reports shall not be outputted statified in
elevation.

2.4.1.18 Remate Monitoring Subsystem (RMS).- A subsystem of the Remote
Maintenance Monitoring System (RMMS) shall be a functional part of the radar
to enable remote monitering and control of all necessary and applicable
furctions of the radar equipment. This subsystem is called the Remote
Moriitoring Subsystem (RMS). The RMS shall be embedded in the radar and shall
have the following operational capabilities necessary for unattended
aperation: '

(a) Monitor and alarm

{b) Remaote control

(c)  Performance certification

{d) Diagrizstics

{e) Remote (field) adjustment and selection

2. 4.2 Beacon System Performance.- The contractor shall provide a ETP that
will meet the requirements in the following subparagraphs. The beaccn system
shall be capable of acperaticn when the dedicated ARSR-4 primary radar is
"off", or has failed in any form, allowing the beacon only target data to be
provided to the users. With the excepticr of anterna rotation failure, no
single failure shall cause the loss of both primary and beacon data.
Qdditicnally, Mode 4 equipment as described in 3.5.2@ shall be provided. The
contractor shall assume a beacon interlace sequence of Modes 3/, 2, 3/A, C in
meeting the requirements of the following subparagraphs. The ARSR-4 shall
also be capable of providing the following requirements, via site adjustable
features, in the event that the interlace sequence is altered as specified in
3.9.3.1.17.
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a
only;

Aircraft transponders now in use have

en transponder may respond to Mode 3/A
2; Modes 3/A, 2, and C; and Modes 3/a, 2, C,

rs may be required to respond to Modes 3/A and
rating transponder on an aircraft which is

1 coverage may, on oecasion, fail to respond to
ong the reasons for this characteristic of the
uvers, transponder dead time because of another
lockout because of an excessive number of

cause the probability of an aircraft reply to a
than unity. This probability is termed the
assumed to be 0.76 at the input to the BTP for
Round reliability shall refer only to ccmplete
sing replies shall be assumed to be

nce of replies.

Identification Feature
beacon system performance
d DOT FAA Order 1010.51A.
the order of precedence
s specification. The
irements included

The Mark X [Selective
the requirements for

e specifications,
1A, DOD AIMS 65-1000B, thi
n system shall meet the requ
stated herein.

thes

Based on the interlace segquence

specified in 3.5.9.1.17,

(subject to the false report crT

the minimum acceptable Pd sh

all be as follows

jteria specified in 3.4.2.11):

Primary And
One Secondary
Interrogations Primary Mode . Mode All Modes
Per Primary Mode Only Responding Responding Respending
4 not applicable 0.45 0.90
6 0.70 0.84 0.97
8 0.90 0.95 0.99
11 0.97 0.985 0.995
15 0.99 0.995 0.998
23 0.995 0.997 0.999

NOTE:
full range of the system.

Unless otherwise specified,

these requirements shall be met over the
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3.4.2.4 Capacity.- The beacon subsystem of the ARSR-4, including the Mode 4
processor, shall provide data messages consisting of the following:

(a) A peak of at least 800 beacon targets per scan.
(b) A peak of at least 400 beacon targets in a 90 degree sector.

(c) A short term peak of at least 20 beacon targets in each of three
contiguous 1.2 degree sectors. ’

(d) A sweep [one Pulse Repetition Time (PRT)] peak of 60 beacon
targets in a single beacon radar sweep, not including 30 replies
from fruit.

(e) A range distribution peak of 4 beacon targets within a 4.5 nm
interval (excluding O to 5 om range interval from the site), not
equally spaced.

3.4.2.5 Range Resolution.- When two or more beacon targets are at the same
azimuth but separated by any range in excess of 0.7 Usec (344 feet), each
target shall be detected and reported without its range and azimuth accuracies
being degraded. In addition, these target reports shall be subject to the
same split rate limits specified in 3.4.2.9. The codes of the targets shall
be validated and accurate (in accordance with 3.4.2.10) whenever the range
separation of the targets are such that their code and/or framing pulse
positions overlap (at the 50 percent amplitude points) by 90 nanoseconds or

less.

3.4.2.6 Azimuth Resolutiom.- At least 95 percent of the time, the BTP shall
resolve two detected, stationary and identical targets which are within
0.0576 nm of each other in slant range and which are separated by an absence
of beacon replies (with decoded ranges which are within that 0.0576 nm
interval) for 18 beacon radar PRTs. Two detected 11 hit-per-mode,
noninterferring, stationary or moving targets which are within 0.05 nm of each
other in slant range and have at least one distinguishing characteristic shall
be resolved at least 99.5 percent of the time. This requirement shall apply
up to and including the condition of contiguousness (adjacent in azimuth with
no intervening beacon radar PRTs). Distinguishing characteristics shall
include different Mode 2 or Mode 3/A codes (including X pulses) and Mode C
altitudes that differ by more than 100 feet.

3.4.2.7 Range Accuracy.- The BTP shall report at least 98 percent of all
detected stationary targets at their correct slant ranges, plus or minus

1/32 nm. At least 95 percent of all moving targets with radial velocities of
700 knots or less shall be reported at their correct (average) slant range,
plus or minus 1/l16 nm.

-26-
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2.4.2.8 Azimuth Accuracy.—- The BTP shall report at least 80 percent of all
detected stationary targets at their correct azimuths, plus or minus
@. 176 degree, when the associated beacon radar is interrogating at ten times

per degree of the anterma's rotation.

3.4.2.3 Split Reports.—- The BTP shall not generate more than one beacon
‘target report 99.5 percent of the time from a single aircraft’s beacon reply
sequence which is in response ta interrogations from the associated beacon
radar. This shall apply to any aircraft with a velocity (in any direction) of
3,08@ krots or less even if the transponder’s reply jitters in time by as much
as S0 nanaseconds about its naominal range, providing that it has a discrete
Mode 3/A code. For aircraft without the discrete Mode 3/R capability, no more
than 1.@ percent of their reports shall be split reports.

2.4,2.18  Code yalidation_and Accuracy.=” The BTP shall validate (3.5.9.1.8)
the beacorn code information as contained in the aircraft's reply for Modes 2,
3/Aa, and C [including Special Position Identification (SPI) and X pulses] at
least 95 percent -f the time when the number of actual hits received per mode
is 11 or greater. When the actual number of hits per maode is 15 or more, the
codes shall be validated at least 38 percent of the time. yalidation of
incorrect codes (due to fruit or cther causes) shall occur less than 1.9
percent of the time. The validated codes shall be accurate at least 399 times

ot of'iwﬁ.

3.4.2.11 False Repcorts.— The BTP shall produce no more than four false
target reports per scan. This is an overall requirement and shall be met in
the steady-state fruit condition of 3.4.2.12 herein, with any or all target
conditions permitted herein, ather than a mix of aircraft in which the number
-f nandiscrete Mode 3/A aircraft exceeds 30 percent of the total of beacon—
equipped aireraft. In addition, the BTP shall detect and report civil )
pmergency (Mode 3/A codes 730Q, 7600, and 7709} and military emergency (four
cmde trains in trail) in a manner SO that no more than one false emergency
report is reported per 48 hours, averaged over & 3@-day pericd during these
same conditions.
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S.4.2.12 Fruit Rates.- The aircraft’s beacon transponder often radiates a
reply in response to an interrogation from another ground or airborne beacon
radar interrcogator. These fruit replies are not in response to the local
beacon radar’s interrcgations and, hence, can be a major source of
interference with the desired replies. Further, the fruit replies can arrive
at any antenna aczimuth via the beacon antenna's sidelobes. They can also
arrive at any range because, generally, they are asynchronous with respect to
the beacon radar. The number of fruit replies may vary from zero to the
maximums listed below as a function of time or antenna azimuth or both with a
random distribution in range and a uniform distribution in azimuth.

(a) Steady—-state maximum: 2@, 002 rion-Mode 4 fruit replies per
second.

(b) 182 degrees sector peak: 4@,000 non-Mode & fruit replies per,
second.

(c) Mode 4 fruit rate: 3@, 000 Mode 4 fruit replies per second.

2.4.2.13 Target Processor.- The BTP shall meet the above requirements for
beaccn target returns consisting of replies with the specified round
reliability of @.76 from a transponder with capabilities in Modes 2, 3/A, and
C which is in the presence of the fruit density specified in the table below.
The BTP shall use all replies from the beacon target, including Modes 3/AR, 2
and C replies; in any combinaticn, in the target detecticn process. The
detection modes shall be site selectable, enabling target detection to be
based on any beacon mode, or modes, recieved such as Maodes 3/R, 2, or Ci or
any combinaticn thereof. The fruit rates in the following table shall be used
tc establish the beacaon performance specified in the applicable paragraph. At
least eight of the 14 possible information ccde bits shall be set in each of
the fruit replies. Multipath affects will not be considered in meeting these

performarnce requirements.

Beacon Performance Applicable Fruit Rate
Reguirement Paragraph Desecripticn Paragraph
3.4.2.3 3.4.2.12(a)
3.4.2.3 3.b.2 12 ()

3.4.2.6 No Fruit Rate At All
3. 4.2.7 3.4.2.12(b)
3.4.2.8 3.4.2.12(b)
3.4.2.9 3. 4.2.12(b)
3.4.2.10 3e4.2.12(a)
3.4.2.11 3.4.2.12(a)

Mode 4 performarce 3.4.2.12(c)
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3.4,2.14 Beacon Radar Equipment. = The BTP shall operate correctly with any

of the following peacon radar equipments:
(a) ATCBI-S Beacon Interrogator
(b) FA-9409 Beacon Test Set
(e) Radar Beacon performance Monitor (RBPM)

(d) Mode S (when in the backup mode of operation epecified in
3.5.18.6)

(e) Mode 4 Computer (KIR-1B or KIR-1C) and Interface Device (KG-84C)

3.4.2.19 Mode 3/8 and Mode C Mapping. = 1t shall be possible to blank targets
in 24 range and azimuth sectors (S5 nm and S5 degree increments). Targets
reporting with Mode 3/f and Mode C replies are deleted from the USAF message
data in those azimuth gectorsi however, those targets shall not be deleted
from the FAA message data. Emergencies (7500, 7600 and 7700 will not be

deleted.

3.4.3 Availability/Reliabilitg.— The availabilitylreliability requirements
apply to the entire ARSR-4 system (all Contractor Furnished Equipment (CFE)
delivered to the field site) furnished by the contractor and excludes primary
power and EIE.

3.4.3.1 Reliability Requirement s. = The reliability shall be stated in terms
of specified Mean—Time—Between—Critical Failure (MTBCF) (Mission Reliability)
and Meah—Time—Between-Fai1ure (MTBF) (Basic Reliability) in hours. The
equipment configuration, reliability models, and reliability requiremente for
individual equipments or groups of equipments shall be determined and

apportioned so that the preliability requirements Specxfied below are
satisfied:

(a) The failure of any LRU shall not affect the performance of any
other LRU.

(b) With the exception of the antenna rotation interruption (3.4.3.1.1
unscheduled, 3.4.4.1 scheduled), no single ARSR-4 failure shall
result in degradation or loss of both gearch and peacon data.

(e) provision of power to LRUs or removal of power from LRUS shall not
affect the performance of other LRUs.

(d) The equipment shall be selected so that it meets the specified and

apportioned reliability requirements while also meeting the
specified per faormance requirements at minimum 1ife cycle costs.
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3.4.3.1.1 Mission Reliability.— The ARSR-4 shall achieve a mission MTBCF of
1380 hours under the worse case environmental conditions specified herein.
MTBCF is defined as the total ARSR-4 uptime divided by- the number of critical
hardware, software, and firmware failures that degrade Full Mission Capability
(FMC)}. Failures due to incorrect instructions in the ARSR-4 technical
documertation shall also be counted as relevant failures. FMC is that level
of perfuormance which allows the ARSR-4 to perform its mission within all the
requirements of this specification including the Local Display Console (LDC),
BTP, RMS, Built In Test Equipment (BITE), Mode 4, and radome. The RMS and
radome must also meet, by themselves, the reliability requirements of
3.5.15.8.9 and 3.4.3.1.5 respectively. Errors/failures shall not be counted
in the MTBCF calculations if the system performance is fully recovered within
102 msec of the initial fault alarm (3.5.15.8.8.1.1). In addition to the .
abave requirement of which the antenna is included, critical failures of any
RRSR-4 hardware or saoftware, or both (whether a part of the antenna or not)
that result in the antenna rotation being interrupted as a direct result of
the failure o in order to correct it, or both, shall have a MTBCF equal to or
greater than 8766 hours. The MTBCF requirement is to be met under the
maintainability requirements specified in 3. 4. 4.

3.4.3.1.2 Basic Reliabilitv.- The ARSR-4 shall achieve a series
cenfiguration Mean—Time-Between-Failure} as determined by the reliability
madeling, allocation and prediction specified in the ARSR-4 Statement OF Work
{50W) 5 that will provide the specified MTBCF and operation availability within
the specified allowable site visits (3.4.4.1.1) under the worse case
environmental conditiens spacified herein. Howevzr, in no case shall the
series configuration MTBF be less than 198 hours. The series configuration
TEF is defined as the total ARSR-4 uptime (rot including EIE) divided by the
total number of hardware, software, and firmware failures that require
corvective maintenance action. Failures due to incorrect instructions in the
ARSR-4 technical documentation shall also be counted as relevant failures.

3.4.3.1.3 Reiiabilitv Design Requirements. - Design criteria and guidelines
shall be developed by the contractor for use by RRSR-4 designers as a means of
achieving the required levels of reliability requirements for the ARSR-4 and
shell include the following:

(a) The ARSR—-4 shall automatically protect each major assembly, LRU,
and subsystem from failures induced by improper operation or
failure of any other ARSR-4 assembly, LRU or subsystem, or any
external device connected to the ARSR-4 or communicating with it.

-2
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Error detection circuitry shall be implemented in processors,
memories and their interconnections such that the estimated mean
time between errors not detected within the computer subsystem is
greater than 2@, 00Q hours. The ARSR-4 shall also have the
capability to detect double memory errors, and detect and correct
single memory errors for each Random Access Memory (RAM) memory
lmcation that stores executable code. Digital messages sent
between subsystems shall conform to & standard protocol (e.0.,
ADCCP), and their integrity shall be protected by byte parity
encoding or better techniques.

The error detection and recovery procedures shall be such that
erronecus data produced directly or indirectly as & result of
detected errors shall not leave the computer subsystem.

The primary Ccopy of the system’s saoftware instructions and
constant data resident in memory shall be protected from being
accidentally averwritten. If normal system cperation or recovery
procedures require the copying of such data, all such copies shall

be checked against the =riginal by direct comparison or by other
equally effective means.

The ARSR-4 design shall permit detailed fault diagnosis (3.5.15),
replacement of any of its LRUs mounted in ronrotating equipment,
and verification of proper aperation after repair, without
degradation or disruption of the ARSR-4's normal service.

Recovery procedures shall be implemented such that any noncritical
failure results in the reconfiguraticon of the system as necessary
to achieve correct operation at full capacity. Recovery
procedures shall be such as to preserve critical surveillance data
and any other critical information which cannot be reproduced by
rormal ARSR-4 operation within the recovery time. (This shall be
true even in the case of memary failure.) The maximum time to

‘complete such reconfiguration chall be 1@2 msec. The

reconfiguration time shall be measured from the time of the
initial fault alarm (3.5.15.8.8.1.1) to the time that gecd data is
available at the sutputs of the ARSR-4 system.

Failure detection shall be performed on units regardless of their
state, i.e. active (on—line) or backup (aff-lire). In the case of
failure of a redundant off-line unit, action shall be taken to
make that unit unavailable to the system within 102 msec following
verification of the alarm (3.5.15.8.8.1. 1. In the case of
failure of an an—-line unit that has redundant back—ups the
recovery action shall make that sn-line failed unit unavailable
and restore the system to full performance within 1@ msec of the
initial fault alarm.
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(h) The ARSR-4 shall allow switching of input and output interfaces to
accommodate the use of redundant units in related external
subsystems and systems where available.

(i) Notification of the failure of any unit shall be available at the
RMS output within the time period defired in 3.5.15.8.8.1 and

3.5.15.8.8.1. 1.

(J) The ARSR-4 shall meet the requirements of 3.6 in the event of
partial or complete loss of line voltages.

2.4%4.3.1.3.1 Thermal Management and Derating.- Thermal management (design,
analysis, and verification) shall be performed by the contractor such that the
reliability quantitative requirements are assured. RRADC-TR-82-172 shall be
used as a guide. Derating criteria shall be established for each design such
that all parts used in the ARSR-4 are derated to achieve reliability
requirements. As a minimum, Level 3 of AFSC Pamphlet 8@@-27 shall be used for

this design.

2.4.5.1.4 Reliability Definiticns.- Reliability terms shall be defirned in
accordance with MIL-STD-721 and MIL-S5TD-781 unless specifically modified
herein. In the event of conflicts of interpretation, the definitions
contained herein shall have precederce, followed by the "Definitions" and
"Failures Categories" requirements of MIL-5TD-781 and MIL-STD-721 in that

order.

2. 4%.2.1.5 Radome Reliability.- The MTBCF of the radome shell shall be a
mivdmum of 173,200 hours. The radome shell MTBCF does rnot include factors
that are external to the radome shell such as ancillary equipment failure.
The lightning protection subsystem and obstruction lighting subsystem shall
have an MTECF commensurate with the requirements of FRA-STD-@19 and AC
70/74€0-1. Redundant obstruction lighting shall be used at all sites in
accordance with AC 7@/746@-1.
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2.4.3.2 Availability.- The availability of the ARSR-4 shall be consistent
with the requirements presented herein and with the reliability and
maintainability requirements of 3.4.3 ard 3.4.4 respectively. In computing
availability full allowance shall be given to the routine employment of
redundancy, excess capacity, and backup modes of operation to maintain
contiruity of system performance. Switch—over time for redundant units must
meet the requirements of 3.4.3.1.3.

The ARSR-4 shall provide an Operaticonal Availability (Ro) of at least
@.39742. The operational availability (Re) of the ARSR-4 is defined as the
probable fraction of total time, on a year-round basis, that the radar system
will be found in an nyp" condition. Therefore, the Ao is:

(Total Time - Total Downt ime)

Qa=

Total Time

This definition applies to the combined corrective and preventive maintenance
for the ARSR-4 radar system and includes response time (3.4.4.1), but
specifically excludes site equipment extranecus to the radar, €.8-.9 prime
power and EIE. The availability requirements shall be met in conjunction with

the maintainability requirements of 3.4.4.

3. 4.4 Mairtainability.=

3. 4.4, 1 Mairntainability Guantitative Requirements.—- The ARSR-4 System shall
he designed to achieve a mean time to repair (MTTR) to the LRU level of no
greater than 3@ minutes and a maximum—corrective—maintenance—time (Mmax (@)
of not greater than 92 minutes at the 35th percentile for cn—equipment
maintenance (MTTR and Memeax (@) are defined in MIL-Handbock 472). The Mean-—
Time—Ta—Restore;System (MTTRS) shall not exceed 3@ minutes. The bearing(s)
and gear{s) in the pedestal shall be replaceable at the site in a maximum time
of four hours at the 39th percentile.

S.4. 40101 Corrective and preveritive Maintenance.= The ARSR-4 system shall
require no mare than 1@ site visits per year for all corrective (nor—critical
failures) and preventive maintenance combined (includes both scheduled and
unscheduled maintenance), in addition to the site visits required to correct
critical failures. During the visit to correct critical failures, other
maintenance (corrective and preventive) can be performed. The Operational
Availability (Re) shall be based on a respense time (time from fault
indication by the RMS to arrival of a technician on site) of 2 hours for
critical failures. The response time for all other site visits shall be
established by the contractor, but in no case be less than 48 hours. No more
than 4 of the 10 site visits specified above shall require an outage.
Carrective or preventive maintenance, or both, (other than for critical
Failures) that will result in an outage of the ARSR-4 system must be scheduled
(at least one week advance rotice), shall be performed no more frequently than
every 91 days, and shall rot exceed 2 hours outage per visit at the 30th
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percentile or six hours per visit at the 99th percentile. Thus, the total of
all outages, in addition to those required for critical failures, shall not
exceed 8 hours per year at the 3@th percentile. The maximum scheduled
downtime per year for maintenance actions on any ARSR-4 hardware or software,
or both (whether a part of the anterna or not), that result in the antenna
rotation being interrupted shall be no greater than 5 hours per year. 0Off-
site repair of failed LRUs, which includes isclation and repair to the part
level, shall have a MTTR (sometimes referred to as mean bench repair time) of
ric greater than one hour, using the support and test equipment determined by
the logistic support analysis specified in the SOW. Site visits for the above
mentioned two hour scheduled outages shall nct require more than three persons
to perform the corrective or preventive maintenance, or both. Except for
these visits for the two hcur scheduled outages, visits to perform corrective
maintenance for critical failures, corrective maintenance for noncritical
failures, preventive maintenarnce, or any combination of these maintenance
acticns shall only require one person. Preventive maintenance shall be
required nz more frequently than once every 91 days and shall require no more
than a total of 85 labor hours per year. The maximum labor hours for the
caombination of on—-site corrective and preventive maintenance shall not exceed
5@ hours per year, excluding travel time.

S.4.4.2 Maintenance Actions.- It shall be possible to perform corrective or
preventive maintenance, or both, on any LRU or several LRUs without degrading
the performance of cther units.

3.4.4.3 Maintainability Design.—- The design of the ARSR-4 System shall
provide modularity, easy accessibility, built-in-test (BIT) and other
maintainability features to provide installation simplicity, ease of
maintenance and the attainment of the maintairability requirements (both
corrective and preventive). LRUs such as printed circuit boards or assemblies
shall be replaceable without cutting or unscldering cannections. All plug in
LRUs shall be mecharnically keyed/coded for correct insertion.
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3.4.4.4 Testability.-— The contractor shall partition the ARSR-4 system to
achieve the fault ismlation requirements specified herein. Each LRU shall
have sufficient test points for the measurement or stimulus of intermal
circuit nodes to achieve the capability of detecting 10@ percent of all
permanent failures at the site. Automatic monitoring and diagnostic
capabilities shall be provided to show the ARSR-4 status (operable,
inoperable, degraded) and to detect at least 38 percent of all failures and
correctly isolate. at least 33,9 percent of all detected failure faults to a
group of no greater than 8 LRUs, 35 percent of all detected failure faults to
a group of no greater than three LRUs and 835 percent of all detected failure
fFanlts to rio greater than one LRU. False reporting of failures shall not
mccur more frequently than arnce per year. RIT shall repart the occurrence of
each detected failure to the RMS within the time pericd defined by
3.5.15.8.8.1 ard 3.5.15.8.8.1. 1. Automatic fault isclaticn may require remote
marual initiation but shall be considered terminated when human interpretation
of fault codes, fault signals, fault tree, meter readings, ©r similar aids is
required to continue the isclation priocedure. BIT shall report the results of
fault isclation to the RMS after completiom of the automatic diagrostic
process as specified in 2.5.15.8.& (b).

3.4.5 Useful Life.- The ARSR-4 shall have & useful life of at least =0
years. Any nonconsumable configuration items and units produced for the
ARSR-4 shall be designed to function properly for the 2@ year period under
mission operating corditions for 24 hours per day, seven days per week with
deownt ime for corrective and preventive maintenance as defined for reliability,
maintainability and availability requirements in this document.

2.4.5 Envircnmental Corditions.- All equipment shall meet the specified
performance requirements in the natural and induced environmentS»described
bwelow. Equipments shall be designed and constructed to meet the service
condition requirements of FAR-G-210@ as to storage and exposure in both

mperating and nonizperating configuratiom except as gpecified hereirn.

3.4.6.1 Climatological. =

2. 4.6.1.1 PAmbient Temperature.- Equipment to be installed inside fixed
facilities shall be desigred and comstructed to operate within specified
perfiormance at indoor operating ambient temperature up to S0 degrees C
(Celsius) and down to -12 degrees C.

Equipments to be installed and operated in the external envircnment and in the
radome shall be desigried to be capable of specified performance under the
combined effects of temperature, solar leading and equipment heat dissipation.
The thermal design shall be based on an ambient temperature external to the
radome of -5@ degrees C to +50 degrees C plus a solar radiation of 1152 Watts
per mt for six comt inuous hours.
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2.4.6.1.2 Relative Humidity.—- The relative humidity to be used in the design
and construction of the ARSR-4 shall be as specified in FRA-G-2103.

- 3.4.6.1.3 Altitude.- All ARSR-4 equipment shall be desigred and constructed
for storage and exposure at altitudes up to 36,000 feet MSL and for operation
in altitudes up to 10,008 feet MSL without pressurization (except for
waveguide).

2.4.6.1.4 Rain.- All outdoor equipment shall be designed and constructed.for
storage, exposure and operation in rainfall rates of up to 129 mm of rain per
hour without any sign of leakage or moisture penetraticon.

3.4.6.1.5 Corrosive Salt Atmosphere.- All equipment shall be desigrned and
constructed for storage and operation during and after being exposed to a salt
atmosphere with a sea spray aergosol concentration of 30 micrograms per cubic
meter of air. Salt water immersion shall not be a requirement.

S.4.6.1.6 Winds.- All external equipment shall be designed and constructed

for operation, storage, and exposure to winds up to 115 mph plus gust factors
of 1.6 [this does include the antenna (rnoncperating) with the radome removedl
as measured at 33 feet above ground level.

2.4.6.1.7 Fungus.— All equipment shall be designed to be cperated and
maintained using fungus—inert materials as stated in FAR-G-Z2102.

2.4.6.1.8 Snow and Ice Loading.- All external equipment [including the
anternra (noncperating) with the radome removed] shall be designed and
constructed for cperation, storage, and exposure to snow depths of 4@ inches
with a dead load of 2@ pounds per square foot average and 4Q pounds per sguare
foot peak and to ice thicknesses of at least 2 inches.

2.%.6.2 Electromagretic Enviraorment.~- The ARSR-4 shall be desigred in
accordance with the eriteria in 3.8.2.5.
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3.4.7 Transportability.= A1l assemblies, subassemblies, o units shall, in
their packed—for—shipment configurations, be capable =f being transported via
comman surface or air transportation equipment in accordance with the design
requirements of AFSC Design Handbmoks 1-2 and 1-11. Size, weight and physical
characteristics shall be such as to not exceed the limits contained in AFR 80-
18, except where degradaticon in performance would cccur as in planar array

modules.

particular attention shall be paid during the design and manufacturing phase
to insure that the equipment and units are not degraded by movement via truck

aver unpaved roads.

Unitized transport loads shall withstand the shacks and vibrations encountered
in transportation while prepared for delivery as gspecified in Section 3 of
Chapter 5 of the AFSC Design Handbook 1-2 with na part becoming permanently
warped, deformed, damaged, ©r loosened, and with ro permanent degradation in
performance or nseful life as & result of being subjected to the following

conditions:

(a) ghocks of the type, intensity and duratiom to which the equipment
may be subjected during transport. These conditions include
loading and unloading from a truck, aircraft, helicaopter, ship or

barge.

(b) Vibraticons having sinuscidal resonance and cyclings as normally
encountered in:

(1) Travel on trucks over rough terrair, gravel roads,
unimproved roads, or packed sncwW.

{2) Shipment by aireraft, helicopter, ship or barge.
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2.5 Functional Design Requirements.- The functional design requirements of
the ARSR-4, as defirned in this specification, shall be met by the contractor;
however, detailed implementation architecture shall be left to the
contractor’s discretion. For example, the BTP or message formatting function
could be partitiored into several processors if appropriate.

Due to the physical characteristics of some of the ARSR-4 sites, the ARSR-4
shall be desigred in such a marner as to accommodate the equipment building
cuter wall and the base of the tower being separated by as much as 300 feet.
The contractor shall take into consideraticon all losses due to this
characteristic and accommodate any factors resulting for this separation.

The ARSR-4 design shall be standardized for all systems delivered. With the
exception of the software site adaptation parameters, system adjustments and
aligrments, and site-unique installatian items such as conduit, ductwork, and
cable lengths, all systems shall have the same identical hardware LRUs and
software modules configuration so that any system delivered to the Government
could be relocated and/or installed at a different ARSR-4 site without any
additions to the configuration. The ARSR-4 shall be desigred and delivered in
such a way that only changes to the site adaptation parameters and system
aligrmert and adjustments for site specific envirormental tailoring are reeded
in the configuration when the system is moved from one location to another.

Figures 3-& and 3-3 are functisoral bleck diagrams showing both the functional
relationships between the subsystems of the ARSR-4 and the functicnal
relaticnships of the ARSR-4 and the EIE. Although two separate block diagrams
are shown, one is for the ARSR-4/Mode S and one of the ARSR-4/ATCBI-S cases,
only one model of the ARSR-4 is permitted that will interface with either

Mode S or ATCBI-S. These figures do not imply any preferred physical block
diagram and are only included to aid the contractor!s understanding of the
functiconal relationships required. For example, the editor shown in the same
block with the formatter could physically reside with the scan to scan
correlation at the contractor’'s discretion.
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3.5.1 Radome.- The radome (CFE) will be mounted upon the platform deck of

the antenna Cower- All requirements specified in this specification shall
any effects induced by the radome. The radome shall provide
an environmental enclosure 3t L band (1,000 MHZ - 1,400 MEZ) for the ARSR-4
enna (3.5.2) with zero, one, or two phased array beacon antennas (3.5.2.1)
mounted, and it shall be capable of withstanding the environmental conditions
described in 3.4.6. The radome shall have an inside diameter of sixty feet

i i idest point. The radome shall not degrade the operational

maximum at its ¥
performance of the Mode S ©oF ATCBI-5 systems. The radome, with the primary
installation OF

radar installed, shall allow (without radome removal) the
replacement of the beacon antennas. The radome shall be entirely nonmetallic

(except for fasteners) and be attached at the base to the tower platform.

take into account

ant

The radome shall be an oblate spheroid oT spherically shaped structure that

provides optimal protection of the enclosed antennad assemblies from the
outside environment. This radome is supplied as 2 complete assembly that
includes 2 lightning protection subsystem, aircraft obstruction lights, access
hatches, and all ancillary devices or units necessary for radome operation and

maintenance.

3.5.1.1 Major Unit List.- Each radome shall be complete and in conformance
with all specified requirements, and shall include, but not be limited toO the

following items:
(a) Radome (with airlock and equipment hatch(s) as necessary)
(b) Lightning protection assembly
() Aircraft obstruction light assembly
(d) Repair kit and maintenance items
(e) Ancillary equipment
(£) Zenith hatch assembly
(g) Service hatch
(h) Catwalk access hatch
(i) Imterior safety ladder
(i) Interior block and tackle assembly

(k) Crown vent. 1£, in order to meet the temperature stratification

requirements of paragraph 3.5.1.2.7, the crown vent needs to be opened
and closed, then remote actuation provisions via RMMS shall be provided.

(L) Snow Tope
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3.5.1.2 Physical Characteristics.-

3.5.1.2.1 Internal and External Surfaces.- The radome shall provide weather
effects resistance such that weathering will not preclude the radome from
obtaining its 20 year service life. The radome exterior surface shall retain
its hydrophobicity throughout this service life. The radome shall be in
compliance with the weathering requirements of ASTM-G-53-84.

3.5.1.2.1.1 Water Penetration.- There shall be no water, water condensate or
moisture penetration or absorption into any radome wall, laminates,
composites, thick wall construction, unit or subunit of the radome.

There shall be no water or moisture penetration through any radome panel or
other structure joints throughout the 20 year specified service life of the
radome. Wall construction shall be non-water absorbent such that if radome
damage shall occur the exposed wall edges shall not absorb water more than
that amount permitted in passing the quality assurance provisions of this

specifications.

3.5.1.2.1.2 Hydrophobic Surface.- The exterior surface of the radome
electromagnetic window exterior surface shall be hydrophobic in the context of
being non-water filming (non-sheeting) at water contact angles as measured on
contact angle viewers as required by the quality assurance provisions of this
specification. The radome shall incorporate an integral 20 year service life
hydrophobic (non-sheeting) surface not subject to peeling, delamination of
wall construction, or rapid erosion. The surface shall not crack, craze or
delaminate over a 20 year exposure with extreme temperature ranges specified
in 3.4.6 and under severe environmental conditions including ultraviolet
light, ozones, salts, acids, and alkalines. These requirements shall apply
both prior to and subsequent to conduct of the advanced weathering tests.

3.5.1.2.1.3 Protective Coating.- The radome exterior surface shall be
impervious to ultraviolet light or other environmentally caused deterioration
throughout its 20 year service life without any requirement to resurface,
recoat or paint the surface. The protective coating material shall be
permanently bonded to any sub-surface material in a nondelaminating fashion
with a 20 year or longer bonding permanence. ‘

3.5.1.2.1.4 Solar Radiation.- Regardless of its color, the radome shall
possess solar reflective qualities such that the solar admittance factor F,
shall not exceed 0.12 using the formula FA = Ts + 0.2 A, ('I‘s is solar
transmittance and "A" is absorptance).

3.5.1.2.1.5 Ice or Snow Adhesion.- The radome exposed surfaces shall exhibit
a measurable ice adhesion of less than 10 Pounds per square inch shear at a
temperature of -5 degrees C. The radome shall be constructed in a manner that
minimizes the formation of rime ice by using construction techniques that
provide minimal surface discontinuities.
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3,5.1.2.1.6 External Color.= The exterior color of the radome shall normally
be a shade of white. A few sites may require other colors (e.Q.y @ light
color such as spruce green, light blue, beige, etc.) due to its aesthetic
impact to the environment. The overall ARSR-4 design shall accommodate for
the impact due %o these other colors being used at these few sites. The ARSR-
4 shall operate in the anvironmental conditions at all sites regardless of the
radome color as specified in 3.4.6. The shade of white used shall be subject
to Government approval. The selection of other colors to pe used at those
aforement ioned few sites shall be determined by the Government upen request by
the contractor. Deviations, subject to Government approval, from the
specified total site power (3.6) shall be commensurate with the additional
cooling required due to the change in color from the nominal shade of white.

3.5, 1.2.2 Flammability and Combustibility.- The radome material shall be
nonflammable and noncombustible when tested to the requirements of Federal
Aviation Regulations, part 25.853(b), using the test methods of Part 25,

Appendix F, part 1.

3.5.1.2.3 Temperature Stability.—- Radome material shall retain its stability
throughout a temperature rangé of =75 through +95 degrees C.

3,5.1.2. 4 Physical Stability.- Materials used in radome construction shall
demonstrate a physical stability such that movement under the environmental

extremes specified in 3.4.6 shall not cause the radome to contact the antenna
structure.

2.5,1.2.5 Snow Rope.- R stranded rope of 5/8 inch or greater diameter that
is ultraviolet light and weather resistant shall be provided for use as a SNowW
removal rope. This rope shall be attached to a pivot assembly at the top of
the radome, It shall be made from & material that will not produce any ill
effects to the ARSR-4 and beacon (Mode S or ATCBI-3) radiation patterns.

3.5.1.2.6 perodynamic Loading.= The radome shall be designed in such a
manner that ensures it is aerodynamically sound in terms of 1ift, drag,
moment, and compound stresses. The radome shall be capable of withstanding
winds from any direction and at velocities as specified in 3. 4. 6.

1 Temperature Gradients.— Temperature stratification within

2.5.1.2.7 Therma p

the radome enclosed volume shall be constrained by the following temperature
gradients:

(a) The temperature difference from the anterma deck (floor) to the
center of the primary antenna shall not exceed 6 degrees c.

(b The temperature difference from the antenna deck to the center of
the uppermost mounted antenna shall not exceed 8 degrees C.

Temperature stratification control 1is permitted by the use of radome exterior
solar reflective qualities, by radome Crown venting, or both.
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2.5.1.2.8 Nameplates cr Product Markings.- The radome shell shall not have
any metallic nameplate attached to its surface interior or exterior and shall
contain no exterior marking. Radome shells shall be marked with the required
FAR-G-210@ data on an inside surface 12 inches above the mounting ring by
using ron—RF reflective marking.

2.5.1.2.9 Radome Air Liock. - ARir supported radomes shall contain a personnel
entryway/pressure lock assembly/room containing separate personnel entrance
and exit doors with pressure equalization.

3.5.1.2.1¢ Lightning Protection. — A lightning rod attached to the radome
zenith hatch assembly crown plate shall provide a minimum 60 degrees core of
protection relative to the antenna assemblies and shall be capable of

dissipating direct lightning strikes without radome and radar damage.

3.5.1.2.11 Aircraft Obstruction Lights.- A redundant aircraft obstruction
light assembly shall be provided and meet the perfarmance criteria of AC
7Q/7483~1. Remcte maintenarce monitoring of the cbstruction lights will be
performned via the ARSR-4 RMS. The assembly monitoring leads shall be routed
ir such a marmer so that the radiation requirements herein are met,

3.5.1.3 Auxiliary Equipment.- Thin-skin, single-skin or air-supported radome
auxiliary equipment shall operate in a fail-safe mode such that automatic
control equipment provided by the contractor shall activate pressurization
equipnent required to sustain pressurization necessary to maintain radome
integrity for the highest wind speed. The contractor shall provide
indspendent saergeéncy equipment that ensures radome inflation for a €& hour
period; designed for use in the event that the Government facilities emergency
back-up electrical power generation system fails to cperate. This contractor
supplied emergency equipment may use compressed air tanks, batteries, or any
other emergency backup system that can be demonstrated as being adequate for
the requirements. 1In the event of failure of wind speed detecting and
indicating devices, of which 2 each shall be provided for air-supported
radomes, the fail-safe mode shall activate pressurization subsystems within a
maximum time of one minute to provide internal air pressures necessary to
mairtair. radome integrity for the highest wind spead for which the radome is
desigred. Wind speeds up to 188 mph (+/-2 mph) shall be detected and shall be
irdicatad in 2 mph increments. Wind speed indications shall be made available
to the Maintenarce Pracessor Subsystem (MPS) via the ARSR-4 RMS.

3.38.1.3.1 Rennte Maintanance Monitoring.~ Each unit of radome auxiliary

equipment shall be monitered via the AQRSR-4 RMS. Normal operation and failed
nperation cutputs shall be provided to the ARSR-4 RMS for each unit necessary

to maintain radome intagrity.
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3.5.1.4 Electrical Performance Requirements.- All ARSR-4 performance
requirements stated herein shall be met with the ARSR-4 antenna installed in
the radome. The electrical performance requirements in the following
subparagraphs apply to the pbeaccrn anterma(s) radiation patterns as they are
affected by the radome. Distortion of the beacon spatially distributed
electromagnetic radiation patterns shall not exceed these requirements.

3.5.1.4.1 Anterma Main-Lobe Beanwidth Error. - Over the Mode S arntennas’
aperating frequency, the radome shall rot cause the Mode S antennas® main lobe
beamwidth £ narrow or broaden by more than @.0S degrees at the main beam’s
(gum) half power points.

3.5.1.4.¢ Eoresight Errar.= The radome shall not cause the direction of any
anterma pattern main beam axis to change by more than ©.02285 degrees rws and
Q. @25 degrees maximum. This requirement applies to both the elevaticn and
azimuth planres (pzinting angles throughout 36@ degrees in azimuth and between
-1@ and +5SQ@ degrees in elevation) at any anterna cperating frequency with the
anterma rotating at speeds of @ RPM thriough 2@ RPM.

3.5.1.4.3 Baresight Error Slope.- The radome shall nct cause the rate of
change (slope) of poresight error during any 369 degrees of antenna rotation
(scan) at any antermna rotation rate of from zero RPM through 20 RPM to exceed
a maximum of +/-2.05 percernt. This requirement also applies throughout
elevation of —1@ through +5@ degrees with the anterna rotating at speeds of @
RPM through 2@ RPM.

z.5.1.4.4 Difference patterr Null Depth Errcr.- The radome shall not cause
changes in the depth of the Made S antennas’ difference patterm nulls to
exceed a +@.57 dB rms and +1.7 dB maximum at a null depth of -3@ dB. This
requirement applies to both the elevation and azimuth planes (pointing angles
throughout 36Q degrees in azimuth and between -1@ and +5@ degrees in
alevation) at any anterma operating frequency with the antennas rotating at

speeds of @ RPM through 2@ RPM.

3.5.1.4.5 gidelobe Level Eyrar.— The radome shall rnot cause changes
oxceeding +/-1.0@ dE in the Mode S anterna pattern gidelaobes at a level 25 dBE
dowr from the peak of beam for all frontal and back sidelobes.

3.5.1.4.6 Cross Palarization Ratic. - The radome shall not cause the cross
polarization ratio of the Mode S antenna to change by more than +/-1.0 dB at a
level 25 dB down from the peak of beam far all frontal and back sidelobes.

3.5.1.4.7 Transmission LOSS. ™ Total radome two way transmission losses of
~eflecticon loss plus atterwation loss and any other losses caused by the
radome shall not exceed 0.2 dB when the radome is in a dry condition, provided
that all error requirements are met.
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3. 9.2 Radar Anterna.- The ARSR-4 antenna shall be housed within the radome
(CFE). The antenna beam shall rotate at 12 seconds per scan (five rpm) plus
o minus @.1Q0 seconds. At all operating frequencies and all beam pointing
angles, all sidelobes in the principal azimuth plane shall not exceed -30 dB
from the peak of beam.  From twe to eight 3-dBR beamwidths on either side of
the main beam, sidelobes shall not exceed -35 dB from the peak of beam. All
sidelobe requirements shall be met on three trial frequencies when measured on
the anternna test range specified in appendix E. One sidelobe pop—up above the
specified requirements is allowed for one of the three trial frequencies.

The aforementioned specification applies to the cne way receive pattern.
Transmit sidelobes shall not be degraded by more than +5 dB from the specified
receive sidelobes at the same offset angle.

At all cperating frequencies and all beam pointing angles, all sidelobes in
the principal elevation plare shall not exceed -25 dB from the peak of beam
for the cre-way receive pattern.

At all operating frequencies and at all beam pointing angles, the sidelobes in
the intercardinal plane shall nct be degraded from that specified in the
principal azimuth plare. The gain pattern shall also meet the criteria for
allowable radar antenna patterns stated in Radar Spectrum Engineering Criteria
section of the Manual of Regulations and Procedures for Federal Radio
Frequercy Marnagement. The cross prlarized components of the antenna for both
the azimuth and elevation principal planes shall be at or below the level
specified for sidelcbes, except that within the area of the main lobe, the
criass polarized components shall be at least 18 dB below the peak of the
assoaciated beam.

The normal operating mede for the anterna shall be linear polarization. If it
ls necessary to use circular polarization to achieve the required performance
in precipitation clutter, the switching between linear and circular
polarizaticons shall be done automatically by sensing when and in what areas
the detecticn performarce is being degraded due to precipitation. Circular
palarization shall be automatically gated by sectors sc as to encompass these
area(s) while at the same time minimizing the use of circular polarization in
area(s) where precipitation clutter does rct exist. A field adjustable
provisicom shall be incorporated so that precipitation clutter returns up to
any selected rarnge betweern S and 92 rm will rot result in the switching to
circular polarization. In additicn, a field selectable capability shall be
provided to override the autsmatic circular polarization selection, so that
the ARSR-4 can be made to remain in linear polarization regardless of the
environmental conditions. The integrated cancellation ratio for circular
polarization, if used, shall be adequate to support the 15 dB rain rejection
specified in Appendix A. If circular polarization is included, a signal path
shall be provided tc permit the reception of weather returns using the
opposite sense polarization from the transmitted signal when circular
prlarization is selected.
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The antenna shall possess 2 mechanical or electrical elevation tilt, site
selectable from plus to minus 3 degrees in elevation with respect to the
normal antenna face angle as jnstalled. The tilt selection shall be achieved
in discrete increments not to exceed 0.10 degree per step. 1f a mechanical
adjustment is used, shimming is acceptable; however, 2 complete set of shims
shall be provided with each system. Compensation for tilt changes shall be
provided for the height determining algorithm on a site adjustable basis.

1f monopulse techniques are used, the sidelobes of the Sum pattern shall meet
all of the previously specified sidelobe requirements. The sidelobes of the
Difference pattern shall meet all of the previously specified sidelobe
requirements. However, the peak of beam reference for the Difference pattern
sidelobes measurement shall be the peak of the Sum beam. The beamwidth
reference for the Difference pattern shall be the beamwidth of the Difference

beam (the combined width of the two main lobes of the difference pattern) .

3.5.2.1 ‘Beacon Antemnna Provisions.- All ARSR-4 systems shall be designed to
accommodate any of three beacon antenna (FAA-E-2751 for the antenna(s) only
and not those sections that specify any ancillary units such as rotary joints,
filters, cables, etc. Those other ancillary units shall be provided as part
of the ARSR-4 and shall be subject to the requirements stated herein.)
configurations without modification of hardware or software. The three beacon
antenna configurations are:

(a) Single beacon antenna, primarily for use at sites with ATCBI-5
" equipment. The radiation pattern of this single beacon antenna
shall be aligned with the peak of beam of the primary antenna
radiation patterm.

(b) Dual (two beacon antennas mounted back-to-back) beacon antennas,
for use at sites with ATCBI-5 or Mode S equipment. When Mode S is
used in conjunction with this configuration, the radiation pattern

of the front antenna shall be aligned with the peak of beam of the
primary antenna radiation pattern. The back antenna radiation
pattern shall be 180 degrees away from the front antenna radiation
pattern. I1f the dual configuration 1s used with the ATCBI-5
equipment, only the front antenna shall be used {excluding the
Integrated Side Lobe Suppression (LSLS) pattern] and shall have
its radiation pattern aligned with the peak of beam of the primary
antenna radiation pattern.

(c) No beacon antennas.

All primary radar performance requirements (both mechanical and electrical)
shall be met, regardless of which beacon antenna configuration is used. All
beacon antennas will be GFE, and all beacon (Mode S and ATCBI-5) and ARSR-4
requirements stated herein shall be met while operating with any of the three
beacon antenna configurations.
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The mounting provisions shall be supplied by the ARSR-4 contractor and shall
permit leveling and alignment of the beacon antennas about the three
coordinate axes over the full range of the primary radar antenna mechanical
tilt adjustments. Additionally, independent vertical tilting adjustment of

t 3 degrees, horizontal tilting adjustment of * 5 degrees, and canting
adjustment of * 5 degrees shall be provided. All electrical/mechanical
connections between all three ports of each beacon antenna and the six ports
of the rotary joint (3.5.3.1) (e.g. cabling, filters, mounting pads) shall be
provided and installed by the ARSR-4 contractor regardless of which beacon
antenna configuration is used. The ARSR-4 contractor shall provide and
install the RF transmission line from the ATCBI-5 to the three rotary joint
ports feeding the single beacon antenna or the front beacon antenna at those
ATCBI-5 sites where (as determined by the Government) two beacon antennas are
to be mounted. RG-333 (2.1 dB attenuation per 100 feet at 1,000 MHz) or
equivalent shall be used. The beacon antennas shall be mounted inside the CFE
radome on the ARSR-4 antenna so that degradation of both the beacon and
primary antenna patterns do not occur and all other specification requirements
herein and in FAA Order 1010.51A, FAA-E-2716, FAA-E-2751, and FAA-E-2319 are
all achieved. The ARSR-4 primary antenna pattern shall meet the requirements
stated herein with or without the beacon antennas mounted. Mounting of the
beacon antennas shall be in such a manner as to allow ease of maintenance on

both the primary and beacon antennas.

3.5.2.2 Antenna Alignment.- The structural rigidity of the beacon antennas’
mounting provisions shall be designed in such a manner that while operating at

5 RPM, the maximum power points of the azimuth radiated beam of the beacon
antennas shall be no more than 0.1 degree from the correct position of the
maximum power point of the radiated beam of the ARSR-4.

3.5.2.3 Mutual Interference.- The contractor shall ensure that Mode S or
ATCBI-5 and the ARSR-4 operate without electromagnetic interference from each
other. If antenna location does not provide the necessary isolation between
the two systems, the contractor shall provide electromagnetic filtering,
electromagnetic shielding and signal processing to eliminate inband and
spurious emission interference. The filtering shall provide spurious
frequency attenuation and out of band rejection to the Mode S or ATCBI-5 and
ARSR-4 transmitters and receivers such that interference noise levels do not
exceed -114 dBm/MHz for 3dB IF bandwidths in the ARSR-4 receiver and

-105 dBm/MHz for 3dB IF bandwidths in the Mode S receiver. Mode S filtering
shall be installed in the Mode S transmitter transmission line and Mode S
receiver transmission lines supplied under the ARSR-4 contract. Insertion
loss of the Mode S receiver filters shall be no greater than 1 dB. Phase and
amplitude errors in the Mode S sum and difference transmission line filters
must track over time with peak to peak phase and amplitude errors no greater
than 10 degrees and 0.2 dB respectively.
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the contractor shall provide shielding of the rotary
nt interference between the two systems from

The shielding and filtering

supplied shall not degrade the Mode S, ATCBI-5 and ARSR-4 systems below their
specified performance levels.

3.5.3

Pedestal.-

The pedestal shall be designed to support the antenna

described in 3.5.2 and 3.5.2.1, drive mechanisms, azimuth pulse generators,
rotary joints, and other units required f
the pedestal shall contain dual 12-bit an

[APGs (4,096 and 16,384 pulses per scan)]
The APGs and the AC drive motors shall be replaceable without an antenna
shutdown (including radiation). The pedestal shall also have provisions for

jeveling and contain an 2

3.5.3.1

Rotary Joint.-

Mode S (Sectiomns 1 through 6).

sections are listed below.

(a)

(b) Peak Power (Unpressurized)

(c) Peak Power (Pressurized)

(d) Duty Cycle (percent)

(e) Maximum VSWR

(£) Maximum VSWR change

(g) Phase Shift (Maximum
excursion in 360 degree
rotation and maximum rate
of change in 30 degree
rotation).

(h) Maximum insertion Loss

(i) Minimum isolation between

* Shall handle maximum duty cycle of Mode
FAA-E-2716.

Frequency Range
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or system operation.
d 14-bit Azimuth Pulse Generators
(3.5.3.2) and dual AC drive motors.

The rotary joint shal
The required ¢

At a minimum,

djustable azimuth reference ring.

1 accommodate six sections for

haracteristics for these

1026-1034
1085-1095 MHz

10 KW

10 KW

1.0%

1.2:1

0.05 for 360 degree rotation

+ 5 degrees*¥

1.0 dB**
60 dB any two sections

S transmissions as defined in
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*% Throughout the frequency range from 1025.0 to 1035.0 MHzZ, the insertion
loss of sections 1 and 2 and sections 5 and 6 shall be the same to
within 0.1 dB and the phase match through each of these pairs of

sections shall be the same to within 5.0 degrees. Throughout the
frequency Tange from 1085 to 1095 MHz, the insertion loss of sections 1
through 3 and sections & through 6 shall be the same to within 0.1 dB
and the phase match through each of these sections shall be the same tO
within 5.0 degrees. Sections 1 through 3 and sections & through 6 shall
meet the following additional requirements when a standard Mode S reply
pulse having rise and fall times less than 50 nsec is transmitted
through these sections. The rise and fall times of the output pulses
shall be less than 60 nsec, and the output pulses shall be flat to
within -15 percent of their respective peak amplitudes over the pulse
duration of 0.5 Hsec (that is, between the 90 percent amplitude points
on the leading and trailing edges). Between the 10 percent and 90
percent amplitude points on the leading and trailing edges of the output
pulses, the pulse shapes in sections 1 through 3 and sections & through
6 shall be the same to within * 10 percent of the input pulse amplitude
of the respective sections. Between the 90 percent amplitude points on
the leading and trailing edges of the output pulses, the two pulse
shapes shall be the same in * 5 percent of the input pulse amplitude of

the respective sections.

3.5.3.1.1 Phase Shift Tolerances.- The transmission paths between the sum
and difference ports of each of the array antennas and the rotary joint shall
be phase equalized so the differential phase shift between the two sections at
1,090 (* 5) MHz, shall be less than 3 degrees. The total differential phase
shift between paths through the adapter cables, the rotary joint, and the
cables from the rotary joint to the antenna assembly shall not exceed

5.0 degrees. Losses due to unit and transmission lines shall not exceed

1.75 dB for each of the six signal paths from the antenna assembly to the
rotary joint. Over the frequency band 1,090 (% 5) MHz this insertion loss
shall not vary by more than * 0.2 dB.

3.5.3.2 Azimuth Pulse Generator (APG) .- Two APGs shall be provided and each
APG shall generate two pulse gTOups: These two groups shall consist of 12 and
14-bit Azimuth Change Pulses (ACPs) and their associated Azimuth Reference
Pulses (ARPs). The 12-bit data shall consist of 4096 data pulses, plus one
reference pulse, and the lé4-bit data shall consist of 16,384 data pulses, plus
one reference pulse, for each 360 degrees of rotation. The 12-bit data pulses
shall be referred to as nACPs" and the 14 bit data pulses shall be referred to
as "IACPs" (I = Improved) from here on. The APGs shall be designed to provide
total compliance tO the position accuracy requirements below. The APGs shall
be adjustable % 15 degrees, minimum; enabling the alignment of the ARP.
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The pulse-to—pulse jitter of the ACPs shall
The ARP jitter shall be no greateT than *

the ACP spacing. The output characteristics of ACPs and the ARP a
as follows:

the nominal spacing.
from each of the APGs shall be
14-bit IACP Lines

Frequency
Voltage

(a)

Pulsewidth
Pulse shape
Pulse position

ARP Line
Frequency
Voltage
Pulsewidth
Pulse shape
Pulse position
(leading edge)

(b) 1l4-bit

12-bit ACP Line
Frequency
Voltage
Pulse shape
Pulse position

(c)

12-bit ARP Line
Frequency
Voltage
Pulse shape
Pulse position

(d)

(e) Output Isolation:

FAA-E-2763b
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be no greater than * 10 percent of
20 percent of
s derived

16,384 pulses per revolution
Line driver output (SNC 55183 ot
equivalent)
2 to 6 usec .
Rectangular, 50 percent duty cycle
+ 40 arc sec absolute
+ 20 arc sec bit to bit

1 pulse per revolution

Same as ACP

Same as ACP

Rectangular, 50 percent duty cycle

+ 20 arc sec absolute

Coincident with the IACP leading edge

Coincident with the 12-bit ARP leading edge
(The ARP shall not jead the IACF by more
than 0.015 ysec.)

4096 pulses per revolution
Line driver output (SNC55183
Rectangular, 350 percent duty
+ 1.0 arc minute absolute

+ 20 arc sec pulse to pulse

or equivalent)
cycle

1 pulse per revolution
Line driver output (SNC55183 or equivalent)

Rectangular, 50 percent duty cycle
Midway between two clockwise ACPs + 30

percent

1solation between ACP and ARP signals,
including hum and noise, shall be 240 dB.

The above characteristics shall be met when measured at the end of 2
terminated cable for any cable length up to 300 feet.
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3.5.4 Transmitter.- The transmitter chall be complete with Radio Frequency
(RF) circuitry and any other ancillary units needed to meet the requirements
of this specification. The normal operating peak poweT shall be that level
required to provide the coverage required in 3.4. The fransmitter shall be
all solid state and of modular design. It shall have provisions for two
sectors of transmitter azimuth blanking, separately adjustable in angular
position (0 to 360 degrees) and width (0 to 180 degrees). Spectrum
measurement(s) shall be capable of being done on the operating system by an
agverage technician at the field site using BITE oT external test equipment.

3.5.4.1 Operating Freguency.- The transmitterT shall be capable of operating
at any frequency(ies) between 1215 MHz and 1400 MHz, as determined by the

Radio Frequency Generator (REG), without manual adjustment. The operating
frequency(ies) shall be determined by crystal controlled sources and shall
have the capability specified in 3.4.1.15.1. The Government will assign the
operating frequency(ies) for each system and will advise the contractor of the
operating frequency(ies) at least 120 days prior to the scheduled delivery of

the system.

- 3.5.4.2 Transmitter Cooling.- The transmitter shall be cooled by means of

natural convection OT forced air. 1f forced air flow is used, air flow and
over temperature interlocks shall be provided to protect the transmitter.
Transmitter cooling air flow shall be in accordance with 3.8.1.5.

3.5.4.3 Voltage Standing Wave Ratio (VSWR).- The transmitter shall operate

without damage into a 2.5:1 mismatch for 2 minimum of five hours.

3.5.4.4 Protective Circuitry.- Protective circuitry shall be provided as

necessary to prevent damage tO transmitter parts-

3.5.5 Receiver.-

3.5.0 ResE=—==

3,5.5.1 Sensitivity Time Control (STC).- STC shall provide time-varying gain

characteristics, site adjustable in azimuth in 11.25 degrees sectors for each
elevation receiver path. Range at which full gain is reached shall be site
adjustable in one nm increments from 5 to 160 nm and shall have & slope site
adjustable in one dB increments between R to R* (R = range) .

3.5.5.2 Receiver Video Output.- Monitor points within and on each receiver
path shall be provided by the manufacturer. A lineart video output (12 + Q?f”z

for each receiver, suitable for display on the LDC and an A-scope) shall be
provided. This output shall be a synchronous (destaggered) wideband analog
video output. In addition, this output shall provide composite IFF
information, 8 100 psecond pretrigger for each radar update, 12 bit azimuth
change and azimuth reference information, Moving Target Indicator information
(Doppler)s and normal video (including clutter).
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2.5.5.3 Receiver ElectroMagnetic Comgatibilitv (EMC) . = The receiver shall

meet the criteria for radar receivers stated 1n Radar Spectrum Engineering
Criteria cection in the office of the Manual of Regulations and Procedures of
Federal Radio Frequency Management " issued by the Nat ional Telecommunications
and Information Qdministration (NTIR). If a wide band preamplifier is used,
then it shall have & -20 dBm, 1dB gain, compression point.

3,5.5.4 Protective Circuitry.- protective circuitry shall be provided as
necessary to prevent damage to receiver parts. protection of the receiver
parts (@.Q.y 1OW noise amplifiers, preamplifiers) from external radiation

sources shall be provided.

During ARSR-4 installatiom the new radar may be installed rext to an existing
operationel radar. The ARSR-4 shall be designed s0© that an ARSR-1, ARSR-2,
ARSR-3, AN/FPS-20 series, or RN/FPS-6/90/116 radar antemnad center point
located 5@ feet, or mMOre, from the center point of the ARSR-4 antenna does not
cause damage 0o the ARSR-4. The existing adjacent radar will have its main
beam planked at the azimuthal direction of the ARSR-4. gidelobe power levels
radiated from these nearby operational radars shall be taken into account in
the ARSR-4 design protecting any sensitive parts. No hardening against

electrcmagnetic pulse or nuclear radiation is required.

3.5.6 Clutter Processing. ~ The ARSR-4 gystem shall be capable of meeting all
of the specified target detection and false report requirements in the
specified clutter environments and in the actual site clutter environment.

All clutter processing techniques employed shall be capable of full
adaptability to the actual clutter conditions at each site. This adaptability
shall be capable of contending with all types of clutter in any combination on
an azimuth, range, and elevation basis, as may be experienced in the actual
operational environment. Clutter processing shall be available over the
entire coverage volune (3.4.1.1) on each 360 degree scan. If clutter levels
in range, azimuth, and elevation cells at a radar site are more stringent than
that specified, the contractor may only degrade target detection performance
in those cells for terrain, rain and angel clutter that exceed the values
specified. However, this degradation of target detection performance shall
only be permitted in the range, azimuth, and elevation cells where the
contractor can prove to the Government that these rerrain, rain, and angel
clutter levels experienced exceed the specified jevels. At no time under any
clutter environment shall the ARSR-4 system exceed the 194 false reports
requirement specified in paragraph 3.4.1.6. The cantractor will be allowed
after contract award to visit the cperational sites to substantiate the
clutter levels at ARSR-4 sites as described in the SOW. The ARSR-4 shall have
analog normal videos available at the LDC from various stages in the
processing chain as epecified in 3.5.16.2, providing the capablility to view
the clutter environment at the LDC.
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Fppendix A describes the radar clutter model for terrain clutter, sea clutter,
rain clutter, ground vehicles, angels and AP. The ARSR-4 design shall address
each of these clutter environments (3.4.1.2 and 3.4.1.7). If different
waveforms are required to meet the specified Pd for different environments,
the system shall automatically sense that clutter envirorment and select from
a waveform menu wavefarm(s) that will maintain the required detection and
false alarm rate requiremerts. The ARSR-4 shall provide for the elimination
of ronsynchronocus interfarence (i.e., pulse energy radiating at PRF(s)
differing fraom the ARSR-4) during operation in all different clutter
environments and all waveforms used. Ambiguous waveforms (ambiguous wavefornus
are waveforms used to meet coverage requirements beyond their first listening
period) shall not be used, ard the waveform(s) used shall be selected so as to
minimize multiple trip returns from lowland clutter during normal propagation
conditions.,  To the extent commensurate with the false report requirements,
provisiuns shall be made to minimize the detection loss when surface clutter
exceecds levels equal to 7o of -14 dB. Provisions shall be made for
monitoring up to five permanent echoes, allowing the verification of range and
azimuth of the search data. These permanent echo monitoring sectors shall be
adjustable up to 2 degrees by £ rm in size and shall employ ro clutter
processing in those sectors.

2:9.8.1 Terrain Clutter.— The ARSR-4 shall provide the capability to detect
aircraft targets in the presence of ground clutter. The clutter model
describes three types of ground clutter, namely, that from mountains, wooded
hills and lowlands. The spatial amplitude distribution and the velocity
density function are different for all three types. In order to keep to a
wiriimum the tangential blind speed sector for aircraft, the ground clutter
suppressicn technigques shall address each type of ground clutter so that the
e velocity rejection notch is no wider than that needed to provide the
yround clutter suppression necessary tc meet the aircraft detection :
requirements specified in 3.4.1.2 and the false alarm requirements specified
in 3.4.1.6. 1In addition, a superclutter and interclutter capability shall be
provided to cover all radial velocities from @ to Max V krnots (Max V is the
maximum radial velocity as referenced in Table 3-1 fcotnotes). This
capability shall continuously adjust to temporal changes in the clutter

envirconment.

3.9.86.2 MHeather Clutter.- The ARSR—4 clutter processing shall provide a
superclutter capability for aircraft whose radial velocity falls within the
regicrn of the radial velocity of the precipitation. The detection capability
shall be that necessary to meet the requirements specified in 3.4.1.2, based
crni the averall system weather rejection capability.
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pased on the specified target capacities (3.4.1.8) and the specified false
reports (3.4.1.6), the contractor shall establish those areas within the
specified coverage where the average data count 1S higher then should be
expected. Restricted to those areas, at altitudes and/or elevations
appropriate for angels, the contractor may degrade detection capability. The
degradation shall not be greater than that which will provide g@ percent Pd
for a 2.2n® target for the specified velocity visibilities. The reduction in
detection capability shall be done in such a way as to minimize the
degradation of those gargets having radial velocities greater than 6@ knots.
In additicn, @ field adJustable override feature shall be provided to raise or
lower the 2.Em* target reference level between the minimum detection 1evel
specified in Table 3-1 and 1ome in 1 dB increments. However, this override
feature shall not be nsed to meet the specified false report rate. A field
selectable capability shall be provided to turn this detection degradation
Function on or off. The method selected by the contractor to accomplish the

above shall nct degrade range and azimuth accuracy.

3.5.7 Search Target Extraction.- gearch target extraction shall produce a
single target report for each detectable aircraft target within the coverage
volume on each scan of the antennd to the rangé€, azimuth and height accuracies
epecified in 3.4.1.9. The range and elevation data along with the atmospheric
refraction correction factor (3.5.24)'ehall pe used to compute the altitude.
Site adjustable altitude ccmpensation for anterma tilt changes shall be
provided. yehicular graffic targets may be inhibited by fixed mapping
techniques within the 1owest beams to the extent applicable. The extracted
target reports shall be used for gearch/beacon einforcement or shall be
remoted via the first functicn of the scan to scan correlation function to the

Mode S processor. The interface requirements for Mode g are given in section

2.5.18.
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In the event that a technique other thanm circular polarization is used to meet
the requirement for detection in rain, such technique shall not degrade
detection in the other environments by more than 3dB below that specified in
Table 3-1. In the event that the technique dees degrade performance below
that specified in Table 3-1, the technique shall be selected for use by
sensing when and in what areas the detection performance is being degraded due
to precipitation. The technique shall be automatically gated in by sectors so
as to encompass these areas, while at the same time minimizing its use in
areas where precipitation clutter does not exist. The switching action from
the normal detection mode of operation to the target detection in rain mode of
osperation shall not cause any degradation in target Pd and false alarm rates.
A field adjustable provision shall be incorporated so that precipitation
clutter returns up to any selected range betweer 5 and 32 nm, in one nm
increments, will not result in the selection of this technique for use.
Additionally, a field selectable capability shall be provided to override the
autamatic selecticon of this technique.

2.5.6.3 Sea Clutter.- The ARSR-4 clutter processing shall provide that sea
clutter suppression necessary to meet the aircraft detecticn criteria
specified in 3.4.1.2. A superclutter capability shall be provided in the zero

velocity natch.

2.5.6.4 Arncmalous Propagaticon (AP).- The ARSR-4 clutter processing shall
provide the capability to detect aircraft during conditions of AP. AP causes
the radar to detect clutter at ranges that may exceed 4/3 earth horizon but
may also extend beyond the maximum instrumented range of the radar. The ARSR-
4 system shall be designed to provide waveform(s) and clutter processing that
will be effective on the AP returns. For system design purposes, the maximum
range of the ancmalous returns shall be S@@ rm. The detection capabilities
under ducting shall be that necessary to meet the requirements of Table 3-1 in
3.4.1.2 for clutter cut to 250 rm. For ducting conditions that result in
clutter returns beyond 250 nm, the ARSR-4 shall automatically sense the
clutter envirorment and select frem a menu of waveform(s) the one that will
maintain the required detectisn and false report rate requirements, except
that the velaocity visibility and dim speed notch requirements may be degraded
£o the extent necessary to implement this feature,

2.5.5.5 Angel Clutter.- In the event that the specified angel false alarm
reports (3.4.1.6) can not be met at the output of the first function of the
scan to scan correlation by any other mearns that will not degrade system
performance below that specified herein, the contractor may degrade the
detection compatibility in the following manner.
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3,5.9.1.2 pulsewidth Discrimination.= A fixed width threshold shall be
provided to establish the minimum acceptable reply puleewidth criterion. ANy
video pulse which exceeds this threshold shall be considered acceptable. The
fixed threshold shall be set so as to accept all pulses 300 nsec or wider
while rejecting all pulses {5@ nsec or narrower. Acceptance or rejection of
pulsewidths that fall between 150 to 30Q nsec shall be left to the discretion
of the contractor. The width of the pulse passed to the bracket detector
shall be within 100 nsec of the video pulse's width, as measured at its 50
percent amplitude point, provided that it exceeds this established minimum
pulsewidth criterion. The width threshold circuitry shall be implemented
using digital logic which is synchronized with, and operates at multiples of,
the basic BTP detection range clock. ALl pulses passing the minimum
pulsewidth threshold criterion shall be provided to 2 fixed maximum pulsewidth
criterion. Any video pulse which is less than or equal to the nearest integer
number of range clocks between 1,4 psec and 1.5 psec in width shall be
considered acceptable and passed to the next proceesing circuit. Video pulses
exceeding this maximum threshold shall be truncated to the 1.4 psec to

1.5 psec clock-related pulse width before being sent to the next proceseing

circuit.

3,5.9.1.3 Bracket Detection.— The BTP shall recognize the presence of the
peacon framing pulses (F1 and F2) in the video reply grain by sensing the
nominal 2@.3 psec spacing petween their leading edges (FAA Order 1013, S1A,
attachment 1). 1f the pulsewidth of F1 is less than or equal to @.55 psec or
if it is within @.13 psec of the width of F2, the leading edge of F1 shall be
used as the reference for this measurement. Otherwise, the leading edge of F2
shall be used. Other algorithms for detecting brackets and determining the
reply’s rangé and, hence, the correct timing for code data sampling may be
used if it can be demonstrated that it meets or exceeds the performance of the
aforement ioned technique. The Fi/F2 spacing shall be sensed with a tolerance
which is adjustable by simple internal means. This adgustment shall be
implemented by sensing pulse spacings which cccur within an integral number of
BTP range clock pulses of the nominal 20.3 psec spacings provided that the
range clock!s freguency permits the specified talerances i@ be met. The
minimum tolerances within which the BTP shall declare brackets and outside of
which the BTP shall not declare brackets shall be as follows for & BTP range

clock periecd of 85 to 125 nsec.

Tolerance Setting pcceptance Rejection
+/-@.1 psec +/-1 clock period +/-2 clock periods
+/-0.2 psec +/-2 clock periods +/=3 clock periods
+/-08.3 usec +/-3 clock periods +/-4 clock periods
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3.5.8 Strobe Processing.- The ARSR-4 shall produce (with 9@ percent
probability) a single strobe report on a single constant power noise Jammer
having an Effective Radiated Power between the minimum and maximum values
specified in Appendix B and located at a range of 108 nm. The ARSR-4 shall
produce (with S8 percent probability) main-loke strobe signals on up to 2@
equal-power jammers having Effective Radiated Power equal to the average of
the valuszs specified in Appendix B and located at ranges distributed uniformly
between 5@ and 3@@ nmi under worst-case conditions, all jammers shall be
distributed uniformly over a 9@ degrees azimuth sector. Strobe (azimuth—-only)
accuracy shall be 8.27 degree (one standard deviation). The ARSR-4 shall be
capable of resclving (S@ percent probability) two equal-power Jammers emitting
maximum power, as specified in Appendix B, located at a range of 10@ nm and
saparated by three degrees in azimuth. Strobe processing shall report
interference anplitude levels in eight equal steps of 8 ¢B from the receiver
noise level to the receiver limit level. Strobe processing shall also report
‘the approximate elevatian argle in one degree increments from -1.2/40.2 to

2@ degrees. The ARSR-4 shall be capable of analyzing the strobes on a scan to
sCan basis in such a manrer as to eliminate false strobe reports.
fcditionally, an analog strobe video shall be available at the LDC and the
LDCs demarcation point as specified in 3.5. i6.

¢}

.3 _Baacorn Target Processaor. -

G

.1 Initial Functions.- The averall capabilities and functions of the
2all be as described in the following subparagraphs.

98}

T

‘apn
noln

n3

2:9.3.1.1 Target Processing.- The BTP shall receive antenna azimuth data,
beacorn mode and timing signals, beacon video, test video, and test indicators.
The BTP shall praovide means for bracket detection, code extraction, reply
degarbling, and timing. The processor shall perform all of the processing
necessary to provide completed beacon target reports to the system. All of
the operational and self-test functions of the processor shall be controlled
by the appropriate software. Functions of the processor will be implemerted

in firawaras,
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3.5.2.1.6 BTP Timing.- The BTP shall provide a means of associating the
correct range and azimuth data with each reply detected and reported in the
BTP. The BTP shall provide appropriate range clock generation. The clock’s
frequency shall be such that an integral number of clock pulses occur in the
pmminal video code pulse interval of 1.45 psec and bracket interval of

20.3 psec. The least significant hit of the range word used for the bracket
detection reply shall be no greater than 125 nsec. The leading edge of the P3
pulse of the beacon mode trigger shall define beacon zZero range. All time or
range manipulations in the BTP shall use the BTP range clock or multiples
thereof. The conversion of rang® to nautical miles for a target report shall
be performed in the BETP. R BTP range alarm shall be indicated if the clock
fails or changes frequency such that the design value number of clock
intervals yields a value more than 2@ nsec from the correct bracket spacing of

Z0.3 psec.

The EBTP shall also decode the mode trigger pulse spacings for

Modes 2, 3/R, and C in any interlace sequence and provide the appropriate mode
data in the BTP. If an illegal or aut-of-tolerance pulse spacing is received
or if the P3 pulse fails or is more than 2.0 psec from its expected position,
a mode trigger alarm shall be indicated in the BTP.

The BTP shall contain appropriate azimuth word generation circuitry. The
input data shall be in the form of IACP data (16,384 IACPs per ARP). Thus,
the least significant bit in the azimuth word shall be 2.@22 degree. All
azimuth manipulations in the BTP shall use this azimuth reference and position
granularity. A BTP azimuth alarm shall be indicated if there are not exactly
16, 384 IACPs per ARP.

The ETP shall report data to the search/beacon reinforcement function for
target reinforcement processing. 1f the transfer ig incomplete or the
search/beacon reinforcement funct ion cannot accept the reply data within the
time necessary to meet the performance requirements established elsewhere, a4
ETP cutput alarm shall be indicated. This alarm, in particular, shall not
depend salely on the data transmission technique for its transfer to the
search/beacon reinforcement function. gimilarly, if the ETP loses data

pecause =f any register oF puffer overflow due to conditions external or
internal to the ETP, a ETP overflow alarm shall be indicated.
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For a BTP with a range clock period outside of the 85 to 125 nsec interval,
the tolerances shall be as follows with respect to 20.3 psec:

Tolerance Setting Acceptarice Rejection
+/-1@88 nsec +/-@0.1 pusec +/-258 nsec
+/-280 nsec +/-0.2 psec +/-375 nsec
+/-328 nsec +/-8.3 Msec +/-508 nsec

The bracket detection logic shall recognize and inhibit the false bracket
detection output that could otherwise occur because of the presence of the C2
and SPI pulses in a reply train. Detection of a valid bracket pair shall
cause the sampling of the data in the mode, range, and azimuth registers far
use in the code extraction and garble sensing circuits, and for inclusion in
the BTP's cutput reply word. Bracket detecticn information shall alsc be
pravided to the RMM for tabulating and display.

2.9.3.1.4 Ccde Extraction.~ The sensing of the beacon framing pulses shall
cause the sampling of all of the information pulses which may be asscciated
with the reply. The nominal positions and pulsewidths of the 13 code pulses
and the SPI pulse will be as specified in attachment 1 to FAA Order 18112, 51A.
The particular refererce used for each individual bracket detection
(2.3.9.1.3) shall be used to establish the nominal sampling positions of the
information pulses asscciated with that bracket. Regardless of the reference
used, the sampling shall be accomplished using the same tolerances as
specified for bracket detecticn, except that there shall be oanly two
selectable for the code data sampling tolerance: +/-0.1 psec and +/-2.2 Hsec.
The sampling technique shall rot necessarily require a leading edge to detect
a code pulse. The selection of the code data tolerance shall be accomplished
by simple internal means and shall be separate from those of bracket detection
«r garble sensirng.

2.9.3.1.5 Garble Sensing.- The BTP shall check the bracket and code data for
garble conditions that may exist which would interfere with the target
detecticon and code validation processes. Interleaved replies are, by
definition, not mutually interfering and shall rot cause a garble declaration
regardless of the extent of the interleave. Similarly, closely-spaced replies
do not mutually interfere. Therefore, all replies invalved in an interleaved
or a closely-spaced reply condition, or a combinaticn therexf, shall be
correctly and unambiguously decoded and processed without garbling. The BTP
shall reccgnize the false, "phantom" brackets which can occur in the closely-
spaced reply condition when nonframing pulses in different replies occur at
the framing interval. A1l such phantom brackets shall be detected and
eliminated without garbling or otherwise affecting the correct replies. The
information data asscciated with overlapped replies which cannct be
urambiguously resolved shall be destroyed (set to all zeros) and a garble flag
s2t in the associated reply word.  The bracket detections of the overlapped
replies shall remain intact and shall be available for use in the target
detection process.
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3,5.9.1.8 Code Validation. = The BTP shall attempt to validate the ungarbled
Modes 2, 3/R: and C codes, including sp1, X, and military emergency bits which
are correlated with a target during the target detection process. The
validation process shall start with the second reply received for a target
regardless of whether or nat that reply’s sweep is a detection sweep. Except
as noted in 2.5.3.1.3, & data code shall be validated if, during the target
detection process, Ve or more consecutive ungarbled replies to the same
interrcgation mode identically compare on a pit-for-bit pasis, where Ve is
the validation count. The value of Ve shall be field adjustable from less
than two to at least six in unit increments. The validation process shall be
conducted separately, and shall set separate‘code~valid flags, for the
following code bits: 12-bit Mode 2, 12-bit Mode 3, 12-bit Mode C, SPL,

Mode 2's x-bit, Mcde 3's X-bit, and the military emergency pit. If the
validation attempt is not successful, the appropriate cnde-valid flag shall
remain not cet and, in the cases of the three 12-bit codes only, the value
last received before the completion of the target detection process shall be
included in the cutput target report. 1f, during the entire runlength of a
target, "2 ungarbled replies are received for a given mode, then the
apprppriate cade bits shall be set to all zeras and the appropriate code-valid
flag shall remain not set. In all other instances, the validated code or
codes shall appear in the tarpet report. Upon successful completion of the
validation priocess, the incoming code data shall continue to be inspected and
uwtilized by the target detection process ta resalve any adjacent targets.

3.5.9.1.93 Caode Transformation.= After validation and before entering the
target report into the output puffer, the BTP shall transform the Mode 3/R,
Mode C, and Mode 2 ciode data from the aircraft reply format to the digital
nessage format. The Made 3/R reply grouping af C-A-B-D shall be transformed
to the binary—cpded—decimal farmat of A-B-C-D, as specified for the beacon
autput message £z.5. 13 3. Wwhen the military emergency bit is validated, the
aircraft’s Mode 3/A code shall be replaced with code 77002 and the Mode 3/R
validation flag shall be set. The Mcde C reply grouping of C-A-B-D shall be
transformed €9 the eppropriate 12-bit 2's compl iment pinary code indicating
the aircraft’s reported pressure altitude. Refer to attachment 1 ta FAAR Order
1210.51A and 3.5.13(h) herein for additiconal Mode C conversion requirements.
71legal or undefined Mode C reply ccdes shall be reported without the Mode C
validation flag peing set, even if they otherwise meet the validatiom
criterion. The Mode 2 reply data shall be rotated one bit to the right such
that it conforms with the fFormat of 3.5.13(h).
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2:.3.9.1.7 Target Detection.- The BTP shall accept bracket declarations,
urgarbled code replies, and appropriate status flag and timing data for use in
target declaration. The beacon reply data shall be compared in range,
azimuth, and code with previously received replies such that all

Modes 2, 3/R, and C replies from a single aircraft are grouped intoc a single
target file. No beacon reply shall be correlated with, or used in
formulating, more than a single target report. If a choice of targets exists
for a given reply, the reply shall be correlated with the mest similar target
file, ard the special beacon target indicator flags shall be set in all target
files considered for such correlation. Each beacaon reply that fails to
correlate with an existing target file shall cause the formation of an initial
target file. The correlaticn criteria shall be a fixed software function of
the detection algorithm and shall not be accessible to operation or
maintenance personrel. Replies from only Modes 3/R, 2, C or all or any
combination shall be used in the beacon target detection processi selection

shall be site adjustable.

The specific detection algorithm implemented in the BTP shall be either a
sliding window or, at the contractor's option, a type of sequential observer.
The algorithm shall use a fixed range cell technique for allocation of reply
range data or, optionally, a floating range cell technique. The algorithm
shall, hcwever, be chosen and implemented in such a manner as to meet or
exceed the accuracy, resslution, split and false target rates, and Pd
requirements specified in 3.4.2 under any permissible combination of radar and
aircraft conditions as specified in 3.4.1.8 and 3.4.2.4. Other algorithms for
target detection may be utilized if it can be demonstrated that it meets of
exceeds the requirements. The selected technique shall be able to resolve and
correctly report at least four stationary, interleaved targets where the F2
pulses of the furthermost replies occur less than 3.0 nm after the SPI
position of the first target's replies. Any embellishment to the basic target
detecticn algorithm which is required to meet these requirements shall be
provided.  All fixed parameters recessary to optimize the detector for a reply
situation, including the leading and trailing edge criteria and, in the case
of the sliding window algorithm, the window length, shall be field adjustable.

-£1-

TR




FAA-E-2763b
May 6, 1388

3.5.9.1.18 Target Pasition Bias Correction.-— The BTP shall provide for the
correction of the position of all beacon targets to eliminate any positional
bias errors introduced by the target detection process. This correction shall
be a software parameter which is not subject to operator control. It shall be
a single fixed value, unless the selected target detection algorithm requires
a dynamic correction technique to meet the established performance
requirements. In the latter instance, the dynamic correction shall be
implemented in such a manner that it can be easily modified at such time as
the target detection algorithm is modified. The BTP shall also transform the
target’'s range to nautical miles as & part of this bias correction process. A
site adjustable azimuth correction shall be made available to compensate for
azimuth errars induced by a search/beacan anterna misalignment and mode

interlace.

In additicn to this correction, a separate means of inserting range
corrections shall be site adjustable to offset any range errors caused by
search-t-—beacan radar timing or other sources of error which may exist
external to the BTP. This correction is in addition to similar adjustments
required elsewhere and shall not invalidate the accuracies of internally
gererated beacon test targets. The range correction shall provide for biasing
the target report range fram zero to at least S.0 rm in either direction from
the rnominal target position in increments of 1/32 nm or less.

2.5.3.1.11 Runlergth Proacessing. - The BTP shall be able to inhibit beacon
targets which have unacceptable runlengths and output those which are of an
acceptable runlength. An acceptable beacon target is one which consists of no
fewer than the minimum beacen runlength replies nor more than the maximum
beacorn runierngth replies, where minimum beacon runlength indicates a short
runlength threshold for beacon targets and maximum peacon runlength is the
lang runlerngth threshold. A target file which does not contain at least the
winimum beacson runlength correlated replies or which contains more than the
maximum beacon runlength correlated replies shall nct result in a final target
repart.  The values of maximum beacon runlength ard minimum beacon runlength
chall be able tc be independently set by a field adjustment in each of at
least 16 independently established range and azimuth sectors. Minimum beacon
runlength shall be variable from zerao to at least 15 and maximum beacon
runlength shall be variable from less than eight to at least 10@ in integer
values.

The start-stop range and azimuth values for each sector shall be able to be
independently set anywhere in the RTP's coverage with a resclution of

@.7 degree and 8.5 nm or petter. Each sector shall be able to provide full
azimuthal coverage (360 degrees). The control of the sectors' values for
minimum beacon runlength and maximum beacon runlength shall be field
adjustable. This runlength discrimination feature shall be enabled or
disabled by field adjustment ard shall rnot apply to beacon strobe or beacon
Real-Time Quality Control (RTGC) test targets.
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In addition to the runlength discrimination, the BTP shall convert the
runlength information from the number of replies which make up the report, to
the azimuth extent over which those replies were received. This azimuth
runlength shall be provided for all BTP output target and strobe reports and
shall have a Least Significant Bit (LSB) of 0.088 degree and a Most
Significant Bit (MSB) of 22.5 degrees. As indicated in 3.5.13(h), the
runlength is always repcrted in the common format strobe message, but it must
displace other bits in the beacon message because of message capacity
limitations. Accordingly, the ETP shall, by field adjustment, set or reset a
beacon runlength reporting flag in each BTP output target report. This flag
shall thern be used to initiate insertion of the azimuth runlength data in the
common format beacon messages. When beacon runlength reporting is enabled, a
conspicudus notation to that effect shall be displayed on the RMM to alert the
personrel to this nonstandard condition.

2.5.9.1.12 Strobe Processing.—- The BTP shall count the rniumber of bracket
declarations each sweep and compare them to a field adjustable threshold.
Wher the threshold is exceeded, the processing of all rnew-bracket detections
shall be inhibited for the remainder of that sweep while any in-process
targets shall continue to be processed and reported out normally. Normal
inputs to the targets shall resume after an additional complete radar sweep
with fewer brackets than the strobe threshold has passed and been observed.
For each sweep or porticn thereof in which normal inputs to the target
detector are irhibited, an artificial bracket detection pulse shall be
inserted into the target detector with a pseudo range of 254.5 nm. The normal
beacon target detection algorithm shall apply to this pseudo target except
that every sweep with a strobe declaration shall be used in the detection
algorithm, regardless of the mode interlace. Any resulting beacon strobe
target shall be reported as specified in 3.5.9.1.1& with the pseudc range of
g54.3 nmy and the detected center azimuth and runlength.

The beacon strobe elimination feature shall be able to be enabled or disabled
by field adjustment. The threshold for activating the straobe elimination
feature shall be site adjustable in increments of 16 from zero to at least

Ste.

5.9.9.1.13 Processing Range.- The EBTP shall be able to inhibit the reporting
of beacon targets which are rot within a site-selectable range coverage. The
beacorn minimum range shall be variable from zero to at least 22 rm and the
beacon maximum range shall be variable from zero to the maximum BTP range of
5@ rm. The values shall be site adjustable in increments of @.5 nm or less.
Neither function shall affect the reporting of beacon strobe, RTAC, or self-
tast tarpgets.

—6 4~
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3.5.9.1.14 Beacon Offset.- The BTP shall be able to offset the range of
beacon targets to allow the collection of both search and beacon target data
from aircraft returns. The of fset shall add 2.52 rm to the octherwise correct
range of all beacon targets except those gernerated internally for the RTGC
(2.5.15.8.4.1). The offset enable/disable shall be field adjustable. When
the offset is enabled, & conspicuous notation to that effect shall be
displayed an the LDC monitor, and the condition shall be reported in the BTP

status report.

2.5.3.1. 19 gpecial Military Replies. - Certain military transponders indicate
gmergency and identification conditions with special reply formats. These
special military respomses to Mode 3/A interrogations are defined and shall be

processed as specified below:

(a) In lieu of the civilian transponder’s single emergency (code 77@0)
reply, some military transponders will transmit four complete
reply pulse trains, with the first framing pulse of the succeeding

reply trains mccupying the SPI pulse position of the preceding
pulse train. The emergerncy code of 770¢, if it is transmitted at
all, may appear in the first reply train with either the normal
Mode 3/A code or an all-zerc code in the remaining trains. The
BTP shall recognize this reply format even if the second or third
reply train (but not both) is missing, and shall report it to the
ETP as a single reply with a military emergency flag bit set. The
BETP output shall include the range, azimuth,. and cade of the first
reply train only. .

3.5.9.1.1¢6 Target Message Content.— The ETP shall provide cutput data for
the search/beacon reinforcement function. The beacon garget report, beacon
strobe report, RTP status report, and Mode 4 messages shall be provided by the
gTp. The messages must contain at least the following information and that
called cut for in 3.5.13(h).

(a) Target Repart:

(1) RTQC - A unique message which identifies the beécon RTQC
test target.

(2) Test - A unique message which identifies if the test
indicator was present for one or more of the target’s
replies.
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(3)

(&)

(&)

(7)

(8)

{3)

(12)

(11)

Message label - A unique bit arrangement which identifies
the message as a BTP output target report.

Code validation and emergency flags - Six code validation
flags (Mode 2, Mode 2"X", Mode 3/R, Mode 3/A"X", Mode C, and
Identification or SPI) shall be identified by unique
messages upon successful completion of their respective
validation processes. The preserce of validated 7600 or
7700 Mcode 3/R emergency codes shall be identified by unique
messages.

User bits - A unique bit arrangement which identifies the
FRA and Air Force in each beacon target report.

Rarge - A unique message which identifies the average range
of the individual replies which make up this report. The
range shall be reported from LSB 1/32 rm to MSB 128 rm.

Special target - A unique message which identifies a special
beacon target indication as specified in 2.5.9.1.7

Azimuth - A unique message which identifies the average
azimuth of the individual replies which make up this report.
The azimuth shall be reported from LSE @.022 degree to MSB
182 degrees.

Discrete - A unique message which identifies whenever the
report contains a discrete Mode 3/A code.

Runlength flag and data - A unique message which identifies
the azimuth runlength of the target as specified in
3.9.9.1.11,

Code data for Modes 2, 3/A, 4, and C - A unique message
which idertifies the validated or invalidated ccde data of
the target. ARlss, a unique message which identifies if a
particular mode was not interrcgated or if the aircraft did
riot reply, was garbled, ar replied with framing pulses only
to Mode 2 or Mode 3/R interrogaticons shall be transmitted.

..66_




FRA-E-2763b
May 6, 1968

{(b) Strobe Report

(1)

(3)

{(4)

(3

{&)

{c) ctatus Report- Unique bit arrangaments in

Test - A unique message which jdentifies if the test
indicator was present for one or more of the target’s

replies.

Message label - A unique bit arrangement which identifies
the message as a BTP output strobe report.

User bits - R uniique bit arrangement which identifies the
FAA and Air Force in each beacon strobe report.

Range - R unique message which iderntifies the range of the
peacon strobe report as specified in 3.5.9.1.12. The range
shall be reported at 254.5 nm using the same range LSB and

MSB as the beacon message.

Azimuth - A unique message which identifies the average
azimuth of the individual replies which make up this report.
The azimuth shall be reported using the same LSE and MSB as

the beacon message.

Runlength data - A unique message which identifies the
azimuth runiength of the strobe as specified in 3.5.9.1.1¢2.

dicating each of the

following BTP status conditions shall be provided by the BTE:

{1}

(7)

(8)

(3

BTP Range aiarm

aTP Azimuth alarm

BTP Oubput alarm

BTF Overflow alarm

Beacan mode trigger alarm

Results of the operational self-test
Reacon offset

Seacon runlength reporting

Beacor: runlerngth discrimination status arn/aff .
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3:.5.9.1.17 Mode Interlace Sequence.- The beacon mode interrcgation sequence
employed in the ARSR~4 shall normally be Modes 3/A, 2, 3/Ry C. For this
interlace sequence, the primary mode is Mode 3/A. Rll beacon and beacon
reinforced search performance requirements specified herein shall be achieved
using this beacon mode interlace pattern. The interlace pattern shall
normally be established via switch action at the ATCBI-S. When the interlace
sequence of the ATCBI-5 is changed, an azimuth shift will occur. The ARSR-4
shall have a site adjustable feature compensating for any changes resulting
from an interlace sequence change. ~

3.5.18 Beacon/Search Reinforcement Function, - The beacon/search
reinforcement function shall reinforce the separate beacon and search target
reports (3.4.1.8 and 3.4.2.4) which result when the same aircraft target is
detected by search target extraction and the beacon target processor. The
reinforcement shall be accomplished such that a unique target message for a
beacon reinforced search target is reported for a single aircraft which is
detected by both radar systems. The reinforcement algorithm shall reinforce
only those targets which meet established range, azimuth and altitude criteria.
These criteria shall be initially determined by the contractor and approved by
the Contracting Officer prior to the start of equipment production. The
selected criteria shall be field adjustable. When the beacon report is offset
0.5 nm in range (3.5.9.1.14) beacor/search reinforcement shall not cccur. The
beacon/search reinforcement message shall contain either the range and azimuth
of the beacon target, the range and azimuth of the search target, the search
range and beacon azimuth, or the beacon range and the search azimuth. The
selection of the data source for the position report shall be field adjustable,
A single target which is detected by both radars shall be reported as a single
reinforced beacon message at least 99.9 percent of the time. The reinforced
beacon/search targets, unreinforced search targets, and unreinforced beacon
targets shall be forwarded to the editor function.

3.5.11 Scan to Scan Correlation.- Scan to scan correlation shall be
continuously performed on the data from the search target extraction function.
The scan to scan correlation shall use tracking algorithms to accomplish two
functions. The output of the first function shall be used to meet the
detection requirements of 3.4.1.2 and the false report requirements of 3.4.1.6
and shall provide data to the BTP or Mode S reinforcement function. The output
of the second function shall be used to reduce the false report rate to 10
percent or less of that at the output of the first function when the first
function is adjusted for 25 knots. The second function shall provide data to

the editor.

The first function shall eliminate reports having ground velocities up to 25
knots (to be field adjustable from @ to 8@ knots). For this function all
initial target reports shall be outputted on each scan. Targets are only to be
deleted when they are in track and determined to be less than 25 knots ground
velocity. Since this function is performed on all data, it is, therefore, to
be considered in meeting the false reports requirements of 3.4.1.6 when
adgusted to 25 knots.
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The second function shall use gracking algorithms to edit the reports to be
able to oubput only those reports that have scan ta scan position expected of
aircraft. The second function shall not track targets less than or equal to
25 knots (field adguetable from @ to 80 knots, bub not required to be less
than the first Function's adjusted velocity). The purpose of this function is
to reduce the false reports pbelow that specified in 3.4.1.6. It is not a
consideration in meeting the specified false report rate of 3.4.1.6. Ground
velocities for aircraft tracking may be stratified by altitude. 1f altitude
data is used, it shall be that cbtained from the search reports. The altitude
ctrata versus ground velocities for the purpose of this tracking function only
are as follows:

(a) gurface to 10,000 ft. 25 go 300 Knots
{b) 10,000 ft. to 50,000 ft. 25 to 700 Knots

Returns abave sp, 000 ft. shall be outputted from the second function without
using a gracking algorithm. Altitude errors and aircraft climb and descent
rates shall be considered in using altitude data at the 10,000 ft. and 50,200
ft. altitude poundaries to assure that aircraft are rot dropped from the
tracking algorithm because cansecutive returns from the same aircraft cross
either of these poundaries.

1t shall be possible by field adgustment to alter each altitude stratum, in
1,000 ft. increments, and its associated velocity, in 10 knot increment and to
adjust the gracking algorithm to acccemmodate this alteration.

For the gecond function, anly the reported position of targets shall be
sopwardad (1.8 no smoothed ar coasted positions are to be outputted). Under
this condition the Pd specified for the various envirdnments specified in

3.4 1.2 shall be met after the target has been detected any 3 out of 3
successive scans. T~ meet this requirenent in angel clutter, the 25 knot
threshold of the seccnd fFuncticrn may pe raised to @ maximum of 6@ knots when
angel clutter conditions exist. For the purpose of meeting the epecified Pd
and false report requirements, the tracking algorithm must accommodate turn
rates of € degrees per gecond for aircraft with ground velocities of 200 knots
o 1ess and S degrees per second for aireraft with ground velocities greater
than 00 knots.

The various tracking criteria used by the tracking function shall be field
adjustable, s? as to be able to optimize 1ts performarnce under differing field
cenditioms.
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2.5.11.1 Editor.- The potential target reports that do not

reinforce with beacon target reports and are returned from the beacon
reinforcement process must be cutputted directly from the editor as first
furncticon radar only target reports and compared with the output from the scan
to scan correlation second function to generate a single target report for
each radar-only target from the second function. This shall be accomplished
by the functicral block named "Editor" referenced in Figures 3-2 and 3-3. The
aditor shall compare the targets returned from the heacon reinforcement
function with the output of the scan to scan correlation second function. A
radar-only target report shall be generated only when the target appears in
both the reinforcement function cutput as a radar-only and the output from
scan to scan correlation second function. These reports shall be provided to
the formatter (3.8.13) along with beacon aonly and beacon/search reinforced
data for output transmission. The following four data features shall be

provided at
reports and

(a)
(h)

‘c)

(d)

the output of the formatter for the selection of radar-only
shall be available to all users through field selection.

First function scan to scan correlated data.
Edited second function scan to scan correlated data.

Edited first function scan to scan correlated data which has three
field selectable sectors adjustable in range and azimuth in one nm
and crne degree increments cver the entire coverage volume. The
data in those selected sectors shall be data from the second
furiction of the scan to scan correlation function. This feature
shall be reversible so that the data from the edited second
function of scan to scan correlation has three field selectable
sectors adjustable in range and azimuth in one nm and cne degree
increments cver the entire coverage volume. The data in those
selected sectors shall be data fraom the first function of the scan
to scan correlation furnction.

This data feature is the same as (c) above, but totally
independent from (c) above. The selection of edited first or
second function data and the three field selectable sector
adjustments shall be capable of producing ancther separate and
distinct data feature from (c) abave.
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3.5.12 Weather Data Subsystem.- A weather processing capability shall be
provided to report three levels of weather data frem five possible levels of
weather intensities that are field selectable. Provisions shall be provided
to allow reporting of all five levels of weather internsities if and when an
expanded weather reporting capability is implemented (3.5.16.15). The
transmit waveform for the weather data may be the same one as used for the
aircraft target detection or may be a separate transmit waveform as determined
by the cortractor to meet the specified requirements. The anternna subsystem
shall be that used for the aircraft target detection. The contractor shall
pravide the ability to measure the reflected energy from precipitation that is
within line-of-sight of the radar and 2,099 =r more feet Above Ground Level
(AGL) ard in a manner to minimize ground clutter contamination of the weather

data.

2.9.12.1 Anterna Polarization.- In the event that the contractor's design
uses circular polarization to reduce the precipitation clutter for aircraft
target detection purposes, the anterma cutput for weather processing shall be
the cpposite sense polarization during any time that the circular polarization
is in use.

2.9.12.2 Weather Receiving Characteristics.- The receiver(s) shall have
sufficient sensitivity, dynamic range and linearity to support the processor’s
capability to produce the five levels of weather data correspending to the
standard National Weather Service (NWS) values (i.e., levels 2 through 6 ares
}3@ dBZ, )41 dBZ, )46 dBZ, )5@ dBZ, and )57 dBIZ) and to permit the processing
2f weather in ground clutter areas as discussed in 3.5.12.3. In the event
that the cortractor elects to use the receiver(s) used for the aircraft
detection to provide data to the weather processing function, all performance
requirements for weather and aircraft detecticn arnd false reports shall be met
simultanecusly.

3.5.12.2.1 Radar Remcte Weather Display System (RRWDS) Output.- A separate
videx weather cutput shall be provided for use by the RRWDS digitizer. This
autput shall be taken following the clutter suppressicn and mapping functions
specified in 3.3.12.3.1, with conversion to analog log video being provided.
The analog log video cutput shall be in a form that will permit the RRWDS
digitizer to accurately threshold to the five weather data levels
corresponding to the standard NWS values. Ground clutter processing is
required for this cutput. The analog log video output shall be normalized to
a R** gain correction. The interface requirements for the RRWDS are defined

in 3.3.19.
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2.5.12.3 Weather Processor.- The Weather Processor (WP) shall perform three
functions.

(a) The separation of weather returns from ground clutter.

(b) The sampling and thresholding of the weather at any of three
selectable weather levels of the aforementioned five NWS levels.

(c) The reporting of the weather in a method compatible with the ARTCC
message format.

The WP shall be capable &f distinguishing between weather returns and jamming
signals. It shall not report jamming as weather.

3.5.12.3.1 WP Ground Clutter Suppression.— The WP ground or sea clutter
suppression shall provide the capability for measuring weather parameters in
the presence of ground and sea clutter. It shall address the following
clutter levels so as to maximize the weather reporting accuracy when competing

with these envirorments:

(a) 0o (-20dB ground clutter for mcuntains
(b) 0o (-23dB ground clutter for wooded hills
(c) oo (-28dB, 34dB, and 45dB ground clutter for lowlands with
grazing angles of 5, 1, and 8.1 degrees, respectively, for the 1@ knot
spectral density curve of Figure RZ in Appendix A.

(d) 0o (nx for sea state 5 (Table A4 in Appendix A)

For cells exceeding the levels specified above, fixed map censoring shall be
provided. R capability shall be provided te alter this fixed map censoring by

a field adjustment.
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2.5.12.3.2 Weather Averaging and Thresholding.— The WP shall average the
weather data in both range and azimuth so as to provide the overall accuracy
required and minimize isolated aircraft or point targets and to eliminate
isolated missing data points from a contigucus stream of data. The averaging
shall take place over a symmetrical sliding range block of not more than

cne rm in range and aver one beamwidth in azimuth. The averapge weather data
shall be calculated once every 8.25 nm. The average intensity estimates for
gach @.25 rm shall be compared to five threshalds corresponding to standard
NWS weather levels 2, 3, 4, 5 and 6, over the range interval from S nm to
228 rm. The overall accuracy of the measured weather at each threshold shall
be within +/-2dB for levels 2 through € from S5 to 1@ nm and for levels that
exceed 1@ dBE weather to noise ratio from 168 to 200 rm. The clutter model
parameters for weather (Appendix A) shall be used to establish the extent of
beam filling at each location for actual site elevation and latitude
envircorment for areas free of ground clutter. This accuracy requirement shall
be met taking into consideration all system errors. Errors induced by the
specified ground clutter suppression and clutter residue shall be considered
acceptable. An automatic calibration technique shall be provided to maintain
the specified accuracy in the event that system parameters vary over time.
The system rmust maintain its accuracy with any combination of transmit

waveforms that may be used.

-

2.5.18. 3.3 Weather Data Reportirng.- For reporting purposes the three
thresholds (referenced to the NWS levels) selected shall be referred to as A,
E, and C, with A being the threshold for the lowest weather level, B and C the
higher threshold levels. Weather data output shall be transmitted every scan
cr on alternate scans. The data shall be able to be interlaced such that all
of the messages for a given threshold's data are transmitted in a single scan,
or are uniformly divided in azimuth cver three antenna scans. The reported
thresholds shall be independently field selectable. Thus, it shall be
possible to configure the WP to report thresholds A, B and C on an alternate
scan scheme with the three scan interlace as follows: QROARBRYBIEIBBCACAC
where "@" indicates that no weather data was transmitted on that scani and the
letters Ay B and C indicate the three scans required to transmit the complete
azimuth-interlaced contour data for each thresheld. This interlace requires
18 anterna scans to completely transmit the weather data. A continuous report
of a Z-scan interlace scheme of these same thresholds would be AAABEBECCE.
This interlace requires nine anterma scans to completely transmit the weather
data. The contral of interlace, continuous or alternate scan reporting, and
selection of reportable thresholds shall be field selectable.
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The WP shall provide for improved azimuth reporting intervals at longer ranges
to maintain an approximately constant azimuth reporting density over the
entire coverage area of the radar display. Two such reporting intervals shall
be available for each of the three reported thresholds. Selection of the low
cr high interval for each of the three reported thresholds, referenced to the
NWS levels, shall be field adjustable. The spacing between adjacent report
azimuths as a function of report range shall be as follows:

Range High Intervalx Low Interval*
{nm) (degrees) {degrees)
S - 40 5.6 2.8
4@ - 8@ 2.8 1.4
82 - 136 1.4 2.7
126 - 250 @.7 2.35
* Azimuth reporting interval relates to the output format for

display purposes only.

The processor shall compare separately for each threshold level selected to be
reported the threshold outputs within one-half the azimuth reporting interval
on either side of a given report azimuth. For each block of weather the '
shortest range of each threshold cutput within the azimuth reporting interval
shall be used as the start range for the weather message for the associated
report azimuth. Similarly, the lorngest range of each threshold output within
the azimuth reporting interval shall be used as the stop range for the weather
message for the associated report azimuth.

2.5.12.3.3.1 Weather Range Discrimination.- The WP shall include a weather
range discriminaticon function which inhibits the reporting of those areas
between adjacent weather cells which are smaller in range than a selected
value. If, for a reportable azimuth, two or more separate weather cells are
detected such that the start range of the cell at the greater distance occurs
within & selected range interval of the stop range of the cleoser cell, the
stop range of the earlier cell and the start range of the later cell shall be
ignored and the greater stop range used in the reported message. These
sperations shall be able to be chaired together over the full weather
contouring range to permit the reporting of a storm with small holes (in the
range dimension) as a single block of weather. The discrimination value shall
be variable from zero to at least 15.5 nm in @.3 rm increments, and shall be
field adjustable.

-7 4-




FAR-E-2763b
September 30, 1990

32.5.12,3.3.2 Weather Contouring Range.- The WP shall be able to modify the
start range of the weather message to reflect the detected weather start range
or a weather minimum range, whichever value is greater. Similarly, the stop
range shall reflect the detected weather stop range or a weather maximum
range, whichever is the smaller. The weather minimum contouring range shall
be field adjustable from 5 nm to at least 32 nm in increments of 1.0 nm or
less. The weather maximum contouring range shall be field adjustable from

5 nm to the maximum processing range of 250 nm in increments of 1.@ nm or

less.

3.5.12.3.3.3 Weather Processor Qutput.- The output of the WP shall feed the
formatter (3.5.13). An analog log video output shall be provided for the

RRWDS per 3.5.12.2.1 and 3.5.19.

32.5.13 Output Interface Message Formatting.- The ARSR-4 is required to
interface with several users simultaneously, each with a different message

format. Figure 3-4 is a simplified example of what could occur during the
transition from the current ARTCCs to Area Control Facilities (ACFs). Other
centers and other users (USAF, United States Navy (USN), customs, etc.) shall
be receiving data at the same time. For illustration purposes, only 13 of the
20 required ports are shown in use, a port being a modem attachment point. AR
port, modem, and communications link form a data transmission channel.

When initially installed, the ARSR-4 will be "plug compatible” with the
current ARTCC, SOCC, and U. S. Navy Fleet Area Control and Surveillance
Facility (FACSFAC) interfaces. This requires that the ARSR-4 output format be
equivalent to the CD-2 output format [3.S5.13(h)1. An extended CD-2 format
will be used for the military user outputs to accommodate the height data. As
the FRA National Airspace System evolves, and the Rdvanced Automation System
is installed, the format for messages being transmitted to the ACF will be
modified as specified in 3.5.13.4 herein.

All DOD user interfaces will be identical. Additionally, all DOD users will
have the USAF USER bit set.

A message formatting function, which will also be referred to as the formatter
herein, shall be provided for each ARSR-4. The formatter shall provide all of
the following features as a minimum.

(a) Provide message data in digital form to modems operating at 2,400
to 56,000 bits per second (bps). Each port shall be capable of
asynchronous and synchronous operation
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{b)

{c)

(d)

{e)

(f)

(g)
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Provide a minimum of twenty (20) output ports, each one capable of
being independently programmable (site selectable/adgustable) in
such a manner as to allow any or all ARSR-4 data products
{excluding RMS data) to be outputted from epach port (@0« each
transmission word independently gtructured so that any data can or
cannot be sent to a particular user). Five of the 20 ports ghall
simultaneously pe EIE-RS-232, EIR-RS-422, and EIR-RS-530
compatible as specified in 3.5.22. Nine of the ports shall be
EIA-RS-232 compatible only, and six of the ports shall be
EIA-RS-530 compatible only.

Each port shall be capable of ocutputting messages consisting of
words that are 12 bits to 16 bits long (@.0e«y SO that the range
word LSB can be changed from 1/4 nm increment to an LSB of 1/8 or
1/16 nm increment without changing the range word MSB) .
Additionally, each port shall be capable of ocutputting data in a
format compatible with ADCCP per ANSI X3.66. The formatter shall
be designed to process and output data messages with minimum
lengths of 256 bits.

The 1/0 characteristics of the interface device are per RS-5308
(SR) with the ARSR-4 being defined as a DTE. Only the RS-530
ports, designated as military ports via FAPs, shall be capable of
operation with the KG-84Cs. Each port shall be independently
programmable to clock data out of the ARSR-4 at any rate from
2,400 to S6,000 bps in 200 bps increments. Clocks are always
provided by EIE. Each port shall be capable of operation in full
duplex with the KG-84C red interface connector.

Each port shall pe terminated when not in use and shall be
isolated from all other ports so as not to contaminate other data

to other users.

The formatter shall be capable of paralleling up to 4 output ports
for any user (oné, two, three, o four ports to any user) in the
event that the single channel rate is tooc slow for the amount of
data to be transmitted. The data load shall be distributed avenly

over the paralleled ports.

The contractor shall supply three commercially available modems
with 480Q bps automatic dial-up capability. The modems shall be
cornnected to three formatter output ports for target data
transmission to other facilities for coverage analysis. Data
requests to these modems shall be inhibited and access (on—off)
field selectable for system security. pProvisions shall be made to
bypass the dial-up feature if needed, and the modems shall be
easily bypassed SO that the output ports may pe used as specified
for the other 17 output ports.
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th) The message content and format at the time of delivery shall be a
modified version of the CD-2 message format (FRAR-E-2679). The
Government shall provide the contractor detailed message format
information, on contractor's written request, 5@ days prior to
each system delivery. Design of the formatter shall permit
independently programmable outputs at each port (e.g. ability to
control the combination of data messages from each port) as
specified in part (c) above, and the ability to change the
individual word (or field) format and size shall be provided. All
digital data produced in the RRSR-4 shall be available at any
output port through reprogramming action. The contractor shall
provide stringent controls prohibiting unauthorized access to
rlassified data via the message formatter and RMS.

(i) Delay requirements specified in paragraph 3.4.1.14 and software
spare requirements specified in paragraph 3.11.10 shall be met
assuming eight users as described below:

(1) Two ACF users with three ports dedicated to each user and
using the same SAMF format}

(2) One ARTCC user with three ports dedicated to this user and
using the CD-2 format with weather dataj

(3) Three military users with two ports dedicated to each user
and using the CD-2 format without weather data and with the

Military Map messagei

{4) Ore weather user with the port dedicated to this user and
the weather being reported in the CD-2 formati

(3 Dne additional user with three ports dedicated to this user
and using the CD-2 format with weather data.

Additionally, it can be assumed that there are 12 military map sectors
enabled, three military target type filters enabled, three 15 degree Mode 4
inhibit sectors enabled, and that the three field selectable sectors described
in paragraph 3.5.1l.1(c) and (d) are enabled.

3.5.13.1 Radar to SOCC Digital Radar Messages.- When initially installed,
digital radar messages transmitted from the ARSR-4 to the SOCC shall employ a
modified version of the format used by the FAR in transmitting radar data to
ARTCCs. This format and the message content for each format item is similar
to that specified in 3.5.13(h),
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The output data provided to the ports assigned to the military shall consist
of complete messages. In no instance shall a single message be split into
parts and sent over more than one data charnnel. The messages are broken into
13-bit gransmission words, each consisting of 12 data bits and an odd parity
bit. The first transmission word in all messages contains special control
flags and & message label that indicates the message type. whenever valid
message data are not being transmitted, successive idle messages are to be
transmitted. This idle message is also transmitted between messages. Ihe
pwotocol, including parity and idle message generation, chall be the same for
the military antput data charmels as for the FAA outputs. All USAF messages
shall have the UsSAF users bit set. The formatter shall be capable of deleting
all USAF messages by selected categories (search only, beacon only, or
peaccn/search reinforced messages) from transmission tn the SOCC in three
independent sectors, field adjustable and selectable in range and azimuth in
one degree and one ni increments.

§;§-13-1-1 50CC. to Radar Request Messages.~ Data requests from the socC to
the ARSR-4 are Mode 4 interrogation requests and shall utilize the 31-bit
format specified in 3.5.13M) at a Z,4@Q to S€, 200 bps rate. The message
content for pach format item ig similar to that specified in 3.5.13(h). When
a Mode 4 interrcgaticon request is not being transmitted, idle messages shall
be continuously transmitted. An idle message will also be gransmitted between
pach message of multiple requests. These messages shall be evaluated and the

requests forwarded to the Mode &4 processing furction.

3.5.13.1.&8 Military Messane Output Buffering and Modem Centrol.— The ARSR-4
message formatter shall regulate the processing of military messages s as to
provide a free flow of each type of data thrcugh the formatter and interface
device (2.5.20) to the USAF mdems, regardless of the proportion of one type
-f data to arother. Because aof uneven distributiaon of aircraft population,
more target reports will be generated at times than the transmission
facilities can acconmcdate. Therefore, provisioms shall be made for the
future implementation o up to 56,000 bps modens. Accordingly, the formatter
shall contain a military message autput buffer far temporary storage of final
reports and messages in the output format until one of the military output
charmels is ready to accept ancther message. 1he formatter military message
-utput buffer shall use & modified first—in, first-out contrzl algorithm such
that all messages with a high pricrity are transferred from the buffer pefuore
any with a lower priority. USAF high priority messages shall be validated
beacaorn emergency (codes 7900, 7600, or 770Q) reports, military emergency,
strobe reports, Made &4 reports, and Mode 4 loop test. All ather messages
shzll have laower priority. Separate military message buffer averload and
cverflow signals shall indicate when the buffer reaches approximately 73
percent and 398 percent of capacity, respectively. USAF map messages ghall be
prohibited from entering the queue when the overload condition is present, and
a1l except status messages shall be inhibited during the military message
sverflow condition. The military message puffer shall be able to hold at
12ast S02 common fermat messages in any proportion.
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The ARSR—-4 messages shall be available for transmission from the ARSR-4 1.5
seconds, as specified in 3.4.1.14, after the target enters the boresight of
the ARSR-4 transmission beam. There will be times whern the capacity of the
data channel will be insufficient to immediately forward all messages and a
queue build up in the output buffer will cccur. The military message buffer
control algorithm shall keep track of the length of time each message is in
the queue, using increments of 125 msec or less. The Maximum Time-In—Storage
{(TISmax) value shall be field adjustable in increments of 125 msec or less
over a range of from less than 8.25 sec to at least 6.2 sec. As each message
is readied for transfer from the buffer, the time spent in the queue shall be
calculated. 1If this TIS is greater than the value TISmax, the message shall
be declared as "old data." Such messages shall not be transferred to the
interface device and modems nor shall they remain in the buffer. The number
of these "old data" messages generated each scan shall be reported to the RMS.
If the TIS is equal to or less than TISmax, the message shall be transferred
to the interface device and modem with the storage time appended as provided
for in the message format.

The formatter shall regulate the access of the USAF ports to the military
message output buffer memory. Access shall be implemented such that the data

ransmission rate of any USAF charmel is not restricted by the formatter. It
shall be possible to enable or disable any of the USAF ports through a field
selectable control. The transfer of messages to the interface device and
modem, inserticn of parity bits, idle message gereraticn, bit output transfer
requirements, military message output service, and USAF modem alarm detection
furcticns in the formatter shall be the same as those specified in 3.5.13.2.1.
The formatter military message cutput service and modem alarms shall be
separately reported from those for FAR message output service and modem
alarms.

2.5.12.2 FAA Message Formats.- As delivered, digital radar messages
transmitted from the ARSR-4 to the ARTCC shall employ the format specified in
3.5.13(h). Weather reports shall be transmitted in addition to these
messages. The output data provided to the ports assigned to the FRR shall
corsist of complete messages. In no instarnce shall a single message be split
into parts and sent over more than one data channel. The messages are broken
into 13-bit transmissicn words, each consisting of 12 data bits and an odd
parity bit. The first transmissionm word in all messages shall contain special
contrzl flags and a message label that indicates the message type. Whenever
valid message data are not being transmitted, successive idle messages are
transmitted. This idle message is alsc transmitted between messages.
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3.5.13.2.1 FAA Message Output Buffering and Modem Control.- All messages
provided tc the ports assigred tc the FAA shall have the FAA users bit set.
Because «f the uneven distribution of the aircraft population and weather
gchoes, nore target reports and weather messages will be generated at times
than the data transmission facilities can accommodate. Accordingly, the
farmatter shall contain an FAR message output buffer for temporary storage of
final reports and messages until one of the FAA ports is ready to accept
another message. The buffer shall use a modified first—-in, first—-out control
algorithm such that all messages with a high priority are transferred from the
puffer before any with a low priority. High priority FAR messages shall be
validated beacon emergency (codes 7508, 7608 or 770@) reports, strobe reports,
and search RTGC reports. ALl other messages shall have lower priority. The
buffer shall be able to hold at least S@@ common format messages in any
proparticn. Separate puffer cverleoad and overflow signals shall indicate the

status of the buffer.

The FRAAR message sverlcad signal shall be gererated by an algorithm that is a
function of both the time it takes a message to transit the buffer (see TIS
helow) and the instantanecus quantity of messages in the queue. Other
parameters such as message type shall be considered by the algorithm as well.
This algorithm shall be designed ta minimize the loss of beacon targets (as
contrasted with sther low priority targets) under high data generation/low

ot put capacity corditions. The FAA message buffer overload and overflow
signals shall indicate when the puffer veaches approximately 75 percent and 98
percent of its capacity, respectively. Map (weather) messages shall be
prohibited from entering the queue when the overload condition is present, and
all except status messages shall be inhibited during the FAR message averflow

condition.

The ARSR-4 messages shall be available for transmission from the ARSR-4 1.5
seconds, Aas specified in 3.4.1.14, after the target enters the poresight of
the ARSR-4 transmission beam. There will be times when the capacity of the
data charrnel will be insufficient to immediately forward all messages and a
gqueue build up in the sutput buffer will occur. The FAR message puffer
contriol algorithm shall keep track =f the length of time each message is in
the gueue, using increments of 125 msec or less. The TISmeax value shall be
field adjustable ir increments -f 125 msec or less aver a range of from less
than @.25 sec to at least 6.@ sec. As each message 1is readied for transfer
from the buffer, the time spent in the gqueue shall be caleulated. If this TIS
is greater than the value TISmeax, the message shall be declared as "old
data." Such messages shall nat be transferred to the modems rnovr shall they
remain in the puffer. The number of these nald data" messages generated each
scan shall be reported to the RMS. If the TIS is equal to or less than
TISmeax, the message shall be transferred to the FAA modem with the storage
time appended as pravided for in the common message format.
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The formatter shall regulate the access of each of the ports assigned to the
FAR message output buffer memory. ARccess shall be implemented such that the
data transmissicn rate of any FAR channels is not restricted by the ARSR-4
formatter. The throughput of the ARSR-4 formatter shall be limited only by
the capacity of the data transmission equipment. It shall be possible to
separately enable or disable any of the ports assigned to the FAA by field
adjustment. A complete message shall be transferred from the FAA message
sutput buffer to a temporary memory associated with an available FAR modem
charmel as controlled by the output buffer priority algorithm. An odd parity
bit shall be inserted at the end of each field in the message before or during
this transfer. The data bits shall be provided to the FRA modem as specified
in 3.5.13(h). The even—-parity idle message shall be transmitted once between
successive messages on a given FAA output charnel. It shall be transmitted
continususly only if message data are not available for transmission. When
more than one port assigned to the FAR is enabled and functicning correctly,
the available FAA messages shall be divided evenly between the available
cutputs with respect to both message type and quantity, except that the ARSR-4
formatter’s throughput shall not be degraded by this requirement.

A separate FRR message cutput service alarm shall be provided for each ARSR-4
port assigned to the FAAR., It shall be set whenever that port has not
trarsmitted a data bit in response to a modem clock pulse by the time of the
trailing edge of that pulse, or when the port is otherwise operatiocnal, but
cannot obtain a new message from the (nornempty) FAA message buffer within one
field time. In the former instance, and also when an operational port
assigned tc the FRAR is manually disabled or incapacitated by the failure of
one or more modem clock signals, the message formatter shall generate an FAR
modem alarm,

2.9.13.3 Naot Used. -
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3.5.13.4 Future Reguirements.— The message format and content as described
herein are those that will be required to interface with the ARTCCs and SOCCs

when the ARSR-4 1is delivered. As the FARA National Rirspace gystem evolves,
the ARSR-4 will be required to supply surveillance data to RCF containing the
Advanced Automation System. This will require a change in the FAR message
format. There will be periods of time when one ARSR-4 will be required to
supply poth the ARTCC and ACF, simultaneously-

2.5.13.4.1 Additicnal Memory and processing Capacity.~ in addition to the
capacity included to meet formatting requirements herein, each ARSR-4 shall
contain sufficient gpare memory and processing capacity to simultaneously
prepare and distribute messages for poth the ARTCCs, as described herein, and
the Area Control Facility- The Area Control Facility messages shall require
at least 73 percent more bits than the ARTCC messages- 1f required, less than
1@, Q¢ Eytes from the additional storage capacity (3.11.1@) may be used while

the gransition from the ARTCCs to ACFs occurs.

After Phase 11 testing, 10@ percent of spare memory processing capacity shall
remain unused in the ARSR—4. At the completion of Phase IV testing, each
ARSR-4 shall have a minimum of 92 percent af spare memary remaining unused.

3.5.13.4.2 Future Message Contents.— The ARSR-4 shall provide surveillance
data to the FAAR's RCF and shall be in the gurveillance Advanced Message Format

(SAMF) as defined in IRD NQS*IR-EI@lS#@E, revised by IR 19239-001, when the
ARSR-4 is interfaced with the ATCEI-S.

When the ARSR-4 1S interfaced with the Mode g, the Mode S shall output all
data to the AcF. The RRSR—4 shall provide to the Mcde g all the surveillance
data needed tn meet the requirements of 3.5.18 herein and IRD NQS-IR—34®6@903.
The cutputs £ the military ysers in the Mode S configuration shall remain as
a function of the ARSR-4 formatter. '

Irn additicn to the aforementioned autput message requirements, the ARSR-4

shall be capable of providing additional data to either the FAA users or
Military users, or both to be used in future implementatians. As a minimum,

these shall include the following:

(a) Time of target reception referenced to the time of year clock.

(b) Doppler filter number (for each PRF), if available
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{c) Report Quality - Report quality is an estimate (on a scale of zero
to seven) of the probability that the target report is not the
result of system noise.

(d) Report Confidence - Report confidence is an estimate (on a scale
of zerc to seven) of the probability that target report is the
result of a true target. :

{e) Three (selectable) and five NWS levels of weather data with up to
a twelve second update rate sent to the Mode S, which will be
cutputted to the ACF by Mode Si and sent to the ARSR-4 output
message formatter for transmission teo the ARTCC, during ACF/ARTCC
transition, and possible other users needing weather data.

(f) All other ARSR-4 generated data specified herein, where the CD-2
message format does not accomm>date, shall be provided to the
message formatter for future implementation. Examples of this
type of data are the strcbe amplitude information, strobe
elevation angle information, second function scan to scan
correlator information, increased range accuracy LSE information,
increased azimuth accuracy (IACP data) LSB information, etc.

2.9.13.4.2 OQutput Formats.- Separate output formats for each port shall be
proavided, accommadating all of the possible aforementioned capabilities.

2.9.13.4.4 Future Configuraticn.- The ARSR-4 design shall not inhibit the
configuration shown in Figure 3-5 below from operating. In the event the

Mzde S processor fails, the ARSR-4 shall reconfigure in the same manrer
specified in 3.5.18.6. Figure 3-5 does rot imply any preferred physical block
diagram ard is only included to aid the contractor’s understanding of the
furncticomal relationship required.
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2.5.13.5 Time of Year Clock.— The ARSR-4 shall include a real time system
clock which provides the time of year. The clock shall usually display time
of year in decimal digits. It shall display the day of the year, hours of the
day (through 24 hours), minutes, and seconds. The clock shall reference a
Universal Time Standard with an accuracy of +/-5.0 msec, and shall have the
ability of sustaining that accuracy over a period of at least 182 days.
Additionally, the Time of Year Clcck shall have an external synchronization
capability to drive the clock from an external time source or externally drive

cther clocks.

2.5.13.5.1 Time of Year Clock Buffered Outputs.- The clock shall provide
buffered outputs at which the time code shall be available. The cutputs shall
consist of day, hour, minute, seconds, and seven bits of fractional seconds
(LSB ( 1/128 sec). ARdditionally, the clock shall have the capability of
interfacing with the output of search target extraction and beacon target
processing functions so that time tags can be placed wn each outgoing message
so that time of detecticn four each target can be established. The formatter
shall have the capability to output target messages with or without time tags
and shall also use the time tags to establish TIS.

2. 9. 14 Not used.-

2.5.15 Remcte Monitoring Subsystem (RMS).- The ARSR-4 shall include a remote
monitoring subsystem providing the capability of monitoring the operational
status and key performance parameters of the ARSR-4 as well as adjusting
performance in response to changes in the external environment or local
gquipment failures. Operatiocnal requirements for the total remcte maintenance
monitoring system (RMMS) and the local equipment RMS are given in NAS-MD-732.
Functicnal requirements for the RMS are detailed in NRAS-MD-733.

2.5.15.1 Monitor and Alarm.~ The radar RMS shall continuously monitor all
critical parameters to determine if the equipmernt is operating within
specified limits. Parameter values shall be compared with known values or
cgperational limits, and any deviation from the tolerance values shall be
flagged as alarms. The RMS shall have the capability of distinguishing
betwearn two levels of alarms which are described in the following
subparagraphs. The RMS shall gererate a "return to normal” alarm when the
previously reported alarm condition returns the system to specified
aperaticonal limits. The RMS shall have the capability to disable and enable
reporting of all alarms. An indication sent to the MPS of the alarm being

disabled shall be provided.

2.5.15.1.1 QOperaticonal Failure Alarms.—- These alarms indicate that a system
performarce failure has occurred. They require immediate notificaticn to the
monitoring facility., Performance failure includes degradation outside
prescribed limits or complete equipment failure. Failure of redundant units
shall be irncluded in this category.
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3.5.15.1.8 Pre—-flarmns. - This category, also defined as "soft alarms”,
irdicates that system performance has degraded belcw a certain point,
predicting possible imminent failures. Pre-alarms include system performance
nearing maximum limits and subsystem failures not in themselves causing a
system performance failure.

3.5.15.¢ Remcte Contraol.- This capability shall allow facility restoration
actions from a remote location. The equipment may be powered up or down,
cwitched from main to standby, etc. The RMS shall interpret messages
containing remote control infarmation and additionally have the ability to
attempt reset of equipment (on its own) pefore a failure is declared. The

monitoring facility shall be notified of the reset attempts.

The RMS shall complete remote control commands within two seconds average and
five seconds maximum (33th percentile) measured from the time the command is
received by the RMS to the time the command execution is completed.

3.5.15.3  Performance Certification.- The radar RMS ghall, on a cont inuous
hasis, monitor and store data pertaining to critical cperating parameters.
This data shall be kept current by updating as soon as any change OCCUrS. At
regular intervals the controlling site will automatically poll the facility
AMS to determine the current status. Polling on demand shall also be
available. In additicn to passive menitoring of parametric data, dynamic
performance tests shall be conducted to provide equipment condition and
operating data. These dynamic tests shall be autcmatic with the capability of
ar operatar override. :

3.5.15.4 Diagnaostics.- The RMS shall provide appropriate hardware, software,
and control signals ta adjust the sperational equipnent and perform diagnostic
tests. These tests shall pravide sufficient diagnostic and fault information
to assist specialists, both locally and from a remote location, to locate
failing or failed LRUs, and to mneet the requirements of 3.4.4.4.

The RMS shall acknowledge the receipt of a valid diagnostic test command. The
test diagnostic cammand ackncwledgment shall be repcrted within two seconds
average and five secaonds maximum (33th percentile) measured from the time the
diagrostic test command is received by the RMS until the time the diagnostic
test acknowledgment is ready for transmission to the concentrator (awaiting
poll).

The RMS shall collect and report diagnostic test results within 5@ seconds
average and four minutes maximum (93th percentile) measured from the time the
diagrostic test is initiated until the diagnestic test report is ready for
transmissicn to the concentrator (awaiting poll).
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2.5.15.5 Remote Adjustments and Selection.- The RMS shall have the
capability of permitting adjustment of the equipment from a remote location.
Messages originating from the MPS will be passed through the
telecommunications network to the radar RMS. Site adjustments shall be made
by means of a terminal, either the LDC terminal (3.3.16) or a portable
terminal* (EIE), connected to the RMS. All parameters that are specified as
field adJustable or selectable shall be capable of being adjusted or selected
at a remote location as well as at the radar site.

* The portable termirnal specified herein will be a computer terminal
provided by the Government which will be used by a technician to
interface with the ARSR-4 RMS. Its interface requirements are
specified in 3.5.15.7.

Any or all changes in cperating parameters induced by the automatic controls
shall riot cause ARSR-4 performance to degrade below the performance level
requirements stated herein. All changes in operating parameters induced by
any marwal controls shall be reported to the MPS for recording.

3.5.15.6 Not Used.-

2.5.15.7 Remote Maintenarce Monitaring (RMM) Interfaces.- The external
interface standard shall be EIA-RS-232, 24d0 bps or higher, selectable channel
data rate, and synchronous transmission. The protocol standard shall be a
subset of ANSI X3.€E6 ADCCP, Syrchronous Data Link Control (SDLC) frame (Normal
Response Mode with Primary cr Secondary station) using a "Data Peoint Transfer
Message" embedded in the SDLC data field as defined in NARS-MD-79@.

3.5.15.7.1 Interface Control Document (ICD).- External interfaces of
equipment shall be designed to meet all electrical interface requirements for
data excharge, timing, and data link contrcl procedures for bit oriented data
link interchanges as specified in NRS-MD-738. The standards specified therein
are applicable in their entirety tc the interface betweern equipment RMS and
concerntrator (EIE), and between RMS and MPS. The interface between the RMS
and portable terminal shall be asynchroncus and shall conform to EIAR-RS-232.
Requiremerts for the portable terminal interface protocol standard shall be
submitted by the contractor and approved by the Goverrment.

The RMS shall have a "lock-out" feature in which any remote control via RMMS
is disabled. Additicnally, the ARSR-4 RMS shall notify the MPS that the
corntral of the ARSR-4 is under local control by either a portable terminal or

the ARSR-4 LDC (3.5.1€.2).

3.5.15.7.1.1 Portable Terminal Messages.- The RMS shall provide for the
transfer of messages from the uplink concentrator to the portable terminal or
from the portable terminal to the uplink concentrator. The RMS shall be
capable of transferring messages of up to 40396 bytes to or from the portable
terminal in an average time of five seconds to a maximum time (39th
percentile) of eight seconds.
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3.5.15.7.2 Interface pefinition.-— The contractor shall supply the following
interface information to the Governmert.

Item NAS-MD-79@ Reference
Link level address 3.2
Logical unit address and names z.2.2
additional message function codes
over and above NAS-MD-739 requirements 3.3.1
Data point jdentifications and names
(arranged by logical unit) 3.3.2
(1) Range and value identification 3.3.3.2
Normal/abnormal status 3.2.2

(2)
System gpecific commands
Format of downloadable data
Maximum number of retries for link level recovery

[N
s @

U!E»J
Lﬂ’:l\l
o

2.5.15.8 Radar Remote Monitoring Subsystem (RMS) .- The radar RMS shall be
furnished as an integral part of the basic radar. It shall be designed to
operate cont inuously %o ensure that ARSR-4 malfunctions are promptly detected
=0 that proper corrective maintenance can be performed. Integration into the
radar system shall be such that a failure af the RMS equipment shall rnot cause
detericration or lass of radar service. The RMS shall exert monitor and
control functions on the radar equipment through a duplex communication
network to a MPS at a remote controlling point. The RMS shall utilize an EIR-
rRg-232 port to communicate with the external communications network.

used in the radar RMS shall have
An automatically

The computer shall

to interface

RMS Processaor.” The RMS Processor
capability to perform the required tasks.
shall be provided.

unused spares,

3.5.15.8.1
the speed and
switchable redundant RMS Processor
provide sufficient 1/0 channels, plus 1@ percent
with the following:

{a) A1l required radar test points and control functions (3.5.15.8.6).

(b) The LDC printer, keyboard, and display (2.5. 1€}

(c) The data extraction subsystem and tape recorder (3.5.25)
(d) The printer (23.5.18)

(e) The portable terminal (EIE)

(f) The site concentrator (EIE)
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The software requirements of this specification shall apply to this processor.
The RMS Processor shall incorporate EIAR-RS-232 interface capability, ANSI X3.4
ASCII code compatibility, and IEEE-488 programmable instrumentation
capability. Spare memory shall be provided by the contractor in accordance

with 3.11.1@.

A commercially available processcr may be used for the RMS Processor provided
all reliability/maintainability/availability requirements stated herein are
achieved and it is proven to the Government as meeting those requirements.

An I/0 port, compatible with the RMS Processor, shall be made available at the
input and output of all major processing functions within the ARSR-4. Search
radar target amplitude information shall be made available on all or any
riumber of selected live or test targets.

2.5.15.8.2 Orn-live/0ff-line Monitoring and Diagnostics.— The RMS shall
continucusly monitor the performance of all on-line ARSR-4 subsystems, and on
a roninterferring basis with the processing of on-line data, perform
sufficient tests to ascertain that the subsystems have not degraded. Any
standby subsystem, when in an off-lire status, shall have performance
monitoring testing in the same marrmer as the on-line subsystems. When in
maintenance status, performance monitoring of standby equipment shall be
dicsabled and no alarms generated. The RMS shall include software
instructions, resident in firmware, to exercise each and every digital and
aralog subsystem and its interfaces. The purpose of this firmware shall be to
conduct analysis of the entire radar system performance in an off-line mode.
The on—-line diagnostic firmware shall isolate faults to the levels specified
in 3.4.4.4. More detailed off-line diagrostics shall be provided as required
to meet the system restoration time. The capability to select and initiate
off-line diagrostics shall be field selectable, and the capability to print
and display off-line diagnostic data on the LDC (3.5.16) or the portable
terminal (EIE) shall be provided. Displayed results of diagnostics shall be
easily understood without the reed to refer to documentation. Provisions
shall be incorporated to look at target processing at various stages in the
videx processing chain. These points shall be brought to test connectors and
shall be capable of being accessed by external test equipment and the LDC
(3.5.16).
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3.5.15.8.3 Search Test Target Generator (STTG) .- A STIG shall be jncluded as
subsystem.

part of the Radar RMS/BITE It shall be under software control and
be field adjustable except for the RIQC. The range, start azimuth, runlength,
and number of targets shall be selectable. The STIG shall supply Radio
Frequency (RF) and Intermediate Frequency (1E) signals derived from receiver
Reference Frequency sources, and shall not require retuning if the receiver
frequency 18 changed. The STTIG shall not interfere with the operation of the
receiver. Isolation of the STIG shall be such that it shall not degrade the
operation of the receiver regardless of the failure mode of the STTG. The RF
level introduced by the STTG at any point in the receiver channel when the
rest target pulse is switched off chall be at least 70 dB below the test
target amplitude setting, and below system noise. The STTG shall be used to

provide rest targets for diagnostics, testing system capacity, and testing

equipment performance:-

3.5.15.8.3.1 Target Types-~ The following modes of target generation shall
be included in the STTG design.

(a) Target for RIQC (digital for on-line operation)

(b) Strobe target (video for maintenance operation)
(c) Ring rargets (RF for maintenance operation)
(d) Weather rargets (IF for maintenance operaticn) ‘.

(e) RF and IF targets (for performance monitoring)

3.5.15.8.3.2 Real Time ualit Control (RTQC Target.- & rest target shall

be generated that is adjustable in range, azimuth, and height as follows.

(a) Range 0 - 1.5 nm

(b) Azimuth of first hit 359 - 1 degree

(¢) Azimuth extent 60 - 70 ACPs

(4) Height 10,000 - 40,000 feet

This target shall be generated once per scan and shall be fixed in Tange:
azimuth, and height. Normal target input to the point where these targets are
inserted shall be inhibited for the test target range cell and over the test
target azimuth extent:. The test target information shall be processed in the
same manner as any other search target jnformation except that runlength
rejection shall be bypassed, and the resultant system output message shall
have the test carget £lag set. Although this rest target is generated
primarily for use in the central processor at the ARTCC and SOCC, it shall
also be used in monitoring the radar digital processor TO detect loca
malfunctions in the processing'chain,
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3.5.15.8.3.3 Strobe and Ring Targets.- A total possible population of evenly
distributed targets, every 10 mm in range by 32 targets in azimuth (800 total
targets), shall be capable of being generated by the STTG when the radar is in
an off-line maintenance mode. Field adjustment of the number of targets in
range and azimuth shall be possible in order to generate strobe or ring
targets in numbers up to 50 percent greater than specified system capacity.
The location of strobe and ring targets shall be capable of being positioned
over the full range and azimuth of the ARSR-4. All targets in the selected
mode shall be capable of being modulated in phase to appropriately excite the
clutter processor being used, therefore, simulating fixed (zero velocity)
targets or moving targets (variable to an optimum velocity). The targets
shall be field adjustable in width from 1 ACP to 40 ACPs. The selected
population of targets shall be field adjustable in range or azimuth every scan
to simulate speeds of 0, 100, or 500 knots. Simulation of speed by change in
azimuth shall assume a range of 100 nm. Targets at other ranges shall be given
the same angular velocity as those at 100 nm.

3.5.15.8.3.4 Weather Targets.- The STTG shall generate two calibrated CW IF
weather targets independently field adjustable in amplitude in 1 dB steps from
noise to 3 dB below the level required to saturate the A/D with no STC. The
calibrated amplitude shall be the amplitude sensed for a weather storm at

100 nm with no STC. Amplitude shall vary in range only as a function of STC.
If the normal transmit waveform is made up of subpulses at different RF
frequencies and the weather processor only uses one of the subpulses at a
given range as part of the weather detection process, then the single IF
frequency (corresponding to one of the RF subpulses) at which the weather
target shall be injected shall be field selectable. The range extent of each
simulated weather target shall be field adjustable from 5 to 245 nm in 1 nm
steps. The simulated weather targets shall be field adjustable in azimuth
width from 1.4 degrees to 360 degrees in 1.4 degree increments. The center of
each simulated weather target shall be capable of being positioned by field
adjustment anywhere in the radar coverage in increments of l.4 degrees and

1 nm. The mean doppler of the weather targets shall be field adjustable from
=50 to +50 knots in 1 knot increments. Weather targets shall only be injected
when the weather channel is in the Maintenance Mode. Weather targets shall
nermally be injected into only the weather channel. For maintenance purposes,
a means shall be provided at the site to inject the weather targets into one
of the target receive channels in addition to weather channel.
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d IF performance Monitorin Targets.~ guitable targets
shall be generated an & continual pasis, in addition go the RTGC targets, to
provide a constant monitor of system perfovmance. They shall be RF, IF, Or
video, as needed, and shall normally be injected during the radar dead time so
as not to interfere with the RTGC target and normal operation. These targets
shall be used faor diagnostics, as well as performance manitaring, and shall be
field adgustable. The RF output of the gTTG shall pe capable of being varied
independehtly in phase and in amplitude aver the dynamic range of the
receiver. The test targets shall simulate velocities from Zero to +/-3,000
kot S, adjustable in one knot increments. Aamplitude adJustments shall be in

{1 dB steps within the dynamic range of the Analog to Digital (A/D) converters
and shall not cause phase changes. phase adJustments shall not cause a changé
in the amplitude of the test targets. A moving target or targets capable of
being pnsitioned anywhere within the caverage ared, continuously ad;ustable in
velocity from 2 to 3,000 knots and height from 9 to 120, 209 ft shall be
gemerated. These targets shall be usable for checking the gcan to scan
correlation. These targets shall be injected into each alevation beam receive
line for use in checking and aligning the analog and digital height function
-f the radar. Equal and unequal signal levels shall be used to gimulate
target returns above, below, and in the center of the beamn cross—overs. The
field adgustable selection of target ingection shall be made by individual
beam and beam pairs. performance parameters such as receiver SEhsitivity and
clutter processar performance (Subclutter yisibility (scv) and Improvement
Factarl shall be available =" request from the remote and local RMM control.
The performance moniteor test targets shall normally be set at a level and
extent necessary &2 provide automatic and an—request certification parameters
ag listed in 3.5.15.8. 6. If any certification parameter falls outside given
tolerances, an alarm shall be verified within 12 seconds of its ocourrence.
These targets shall also pe used to detect possible faults in the entire
receiving/processing subsystemn from the RF front end to modem drivers.
Indication (display and print) of the fault 1ocation (LRU or LRUs) shall be
available t@ the RMS processor and to both the local and remdte contral
points.

3.5.15.8.3.6 Comstant False Alarm Rate (CFAR) Test. - 1f CFAR circuitry is
ufilized in the ARSR—4, then suitable test targets shall be incorporated to

test that CFAR mperation.

3.5.15.8.4 Beacan Test Target Gernerator. - peacon test targets shall be
generated by & separate test target geﬂerator -r may be incorporated in the
377G, at the cantractor’s cption. The following types -f targets shall be
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3.9.15.8.4.1 EBeacecn RTGC Target.- A Beacon RTAC target shall be inserted
with the reply video pulse train from the site beacon interrogator at the
beacon input to the ARSR-4. The beacon RTQAC target shall be positioned in
dead time at a range of 1 nm and an azimuth of 180 degrees. The beacon RTGC
target shall have an azimuth extent equal tc €4 ACPs and a field selectable
reply mode of 3/R, 2, or Ci all 1si or all O@s.- As with the search RTQC
target, the beacon RTQC target is primarily used at the ARTCC or SOCC. It
shall bypass any runlength discrimination and have the test target flag set.
Beacon video shall be inhibited for test target range cells and over the
azimuth extent of the beacon RTQC target.

3.5.19.8.4.2 Beacon Operaticnal Test Targets.- The following types of test
targets, under control of the RMS, shall be inserted into the BTP. The
cperaticnal BTP tests shall operate continucusly when the BTP is in the normal
operating mode. The insertion point and video parameters shall be field
adjustable. The test target gererator cutput for these operational test
functions shall not contain the test indicator signal, but shall appear as
normal, live target data. External beacon video shall be inhibited for the
mirnimum time necessary to prevent interference or garbling of the test
signals. The test signals shall include the following corditions at a

mirviimum:

(a) Framing pulses with acceptable and unacceptable pulse spacings.

(b) - Code pulses that are correctly and incorrectly located with
respect to both normal and wide framing pulses.

(c) Reply codes and range separaticns which verify the correct
elimination of phantom and CZ2-SPI false bracketsi the proper
detection of interleaved, overlapped, and special military
repliesi ard the correct correlation and range and azimuth
resolution of the replies by the target detection algorithm.

(d) Simulated Mode 2, 3/R, and C targets which verify the correct
speration of the target detection, code validation, code
transformation target position bias correction, military emergency
replies processing, SPI AND X-bit validation operation, processing
and reporting of beacor emergency codes, and runlength processing
and encoding functions.
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The operational test targets shall be generated as close to the adapted BTP
maximum processing range as is possible and, in contrast with the RIQC test
targets, shall be for internal BTP status monitoring only. All test target
data shall be capable of being displayed and printed through the RMS on a
portable rerminal and on the LDC; but shall not be transmitted to the modems .
The operational test shall detect any loss of data as the result of the
overflow or failure of any register, buffer, or complete memory subsystem
within the BTP. Normal adjustments of the BTP’s parameters such as beacon
offset, maximum range, runlength discrimination, and other similar parameters
shall not impair the effectiveness or accuracy of the BTP operational test. A
complete operational test cycle shall be completed and the results updated at

least once every antenna scan.

The BTP and Mode &4 equipment shall generate a Mode 4 Test Target in less than
0.5 seconds after receipt of a Mode 4 Test Target message.

3.5.15.8.4.3 BTP Diagnostic Test.- The BTP’s diagnostic test shall be able
co be initiated only when the subsystem is off-line. The BTP diagnostic test
shall be field selectable. The diagnostic test shall include the following as

a minimum:

(a) A check of all microprocessor operational memory toO insure that
the correct data is in each memory location.

(b) A thorough, rigorous check of all random-access and scratch-pad
memories to ascertain their operating conditioms.

(ec) Verification of the correct operation of each computing unit in
the microprocessor/software module.

(d) Verification of the ability of the processor to process internal
data in the absence of external stimuli.

(e) Verification of the correct operation of the five alarm detection
features in the BTP (3.5.9.1.16(c)].

(£) Verification of the correct operation of the beacon strobe
processing and output message generation functions.

(g) Verification of correct Mode &4 operation using 2 closed-loop test
with Mode &4 equipment.

The test signals necessary for tests (e) through (g) above shall be generated,
inserted, and able to be displayed in the same manner as the BTP operational

test target signals.

-95-



FAA-E-2763b
October 15,

3.5.15.8.5

1990

Data Count Monitor.- A six digit decimal counter shall be

incorporated in the RMS for the purpose of measuring the system data count.
Inputs to the counter shall be field selectable videos from the receiver and

processor.

The counting time of the data count monitor counter shall be field

selectable in both time and scan count. In time, the counting shall be
selectable from one, five, and ten seconds. In scan count, the counting shall
be selectable from one to ten scans. Video inputs shall include as a minimum:

(a)
(b)
(e)
(d)
(e)
(f)

3.5.15.8.6

Quantized beacon video

In-process beacon video

Processed beacon video

Bracket vi&eo

Video points at each step in the search target processing chain
Weather threshold video

Firmware Requirements.- Firmware requirements for the RMS shall be

as follows:

(a)

(b)

Firmware shall include modules to support spectrum analysis [a
Discrete Fourier Transform (DFT) utilizing samples from the
radar’s nine (9) interpulse period sequence] of received targets
from stationary objects with the antenna stopped. The DFT shall
consist of a minimum of 37 discrete filters with each filter
processing a minimum of 54 pulses. The object shall be to
determine the stability of the processing subsystem by comparing
the amplitude and extent of the sidelobes generated away from the
center.zero frequency filter. The interface of the processor
shall be with A/D converter outputs specifically provided for this
purpose. The LDC (3.5.16), through the RMS and displayable
through the RMS, shall display the results of the analysis in the
form of calibrated spectral lines with the ordinate in dB and the
abscissa in positive and negative frequencies from zero frequency.
It shall be possible to expand the ordinate and abscissa.

Diagnostic executive.- A program shall be provided in the ARSR-4
that integrates all the diagnostic modules into a cohesive
software system. It shall display on the LDC and portable
terminal a menu of the diagnostic routines available and shall, by
keyboard entry, direct the execution of any program in the menu.
Results of the diagnostics shall be interpreted and displayed in
plain language. The resulcs of the diagnostic test shall be
available at the RMS within the time specified in 3.5.15.4.
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(c) Performance analysis.- A menu of all the performance related
programs listed below shall be provided. The capability to select and
initiate all of the performance related programs listed below and display of
the resultant data shall be provided as requested at either the RMS and MPS.
Display of the results of each test shall be in graphical or tabular form and
shall be readily interpretable. 1In all cases, actual values shall be provided
except as noted or appropriate. All alarm functionms shall be provided with
thresholds adjustable for both soft and hard alarms. Actual values shall be
obtainable on demand through the RMMS to the MPS and at the LDC and portable

terminal.

Real time monitoring of video/digital processing.
Key performance parameters, to be selected by the
Government.
Programmable alarm limits.
Number and percentage of reinforced reports processed.

* Test target range, azimuth, amplitude, velocity, and Pd.
Radar system status.
Weather Processing Status.
A list of the field and site adjustable/selectable parameter .
settings.
Number of targets out of the BTP
Number of target reports out of the search target extractor.
Number of target reports out of the scan to scan correlation
for each of its two functioms.
Number of target reports out of the editor.
System Performance listed below as a minimum.

Power supply voltages

Azimuth accuracy

Transmitter power (average and peak) )
Receiver sensitivity (Minimum Discernible Signal(MDS))
Memory checks

Digital Signal Processor filter performance (if
processing by filters)

Digital Signal Processor performance (if processing by
range segments)

Scan to scan correlation performance

Editor performance

Formatter performance

Timing checks

Weather Processor performance

Transmitter pulsewidth

Transmitter pulse spectrum (if appropriate)

Weather Station performance

VSWR
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BTP performance (as a minimum)

Mode 4 performance

Beacon/Search reinforcement function
Alarms listed below as appropriate
Transmitter Overvoltage

"Transmitter Undervoltage

Transmitter Overcurrent

Transmitter Undercurrent

Modulator Overload

Driver Overload

Final Power Amplifier Overtemperatures
Airflow Failure

Waveguide Pressurization Failure (as appropriate)
Power Supply Failure

Main Power Overvoltage

Cabinet Overtemperature

Pedestal 0il Level

Transmitter Output Power

Azimuth Alarm

Test Target Alarm

Target Overload

Antenna Drive Motor

APG and ARP Alarms

Waveguide Arc Detection (as appropriate)
BTP Performance Alarms (Including Mode 4 alarms)
BTP Range Alarm

BTP Azimuth Alarm

BTP OQutput Alarm

BTP Overflow Alarm

Beacon Mode Alarm

System Performance Alarms
Beacon/search Reinforcement Alarm
Weather Processor Failure Alarm

System Status Read-Backs listed below as a minimum and available

Transmitter on/off

Redundancy availability

Beacon Offset Selection

Beacon Runlength Discrimination Selecticn
Weather Level 2-3-4-5-6 Selected

Antenna/Beam Rotation (on/off)

Ka or other refraction profile as appropriate
Beams in use

Field/Site Selectable Parameter Setting
Field/Site Adjustable Parameter Setting

Off-Line Diagnostic Results (Identification of replaceable LRU failure
as specified in 3.4.4.4)
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(d) The STTG Control.- Firmware shall generate the signals required to
control the STIG. The status of the STTG including the target
range, azimuth pattermn, amplitude, filter,and ground speed shall

be also be displayed.

(e) The Beacon Test Target Generator Control.- Firmware shall generate
the signals required to control the Beacon Test Target Generator-
The status of the Beacon Test Target Generator including the

range, azimuth, codes, framing pulses modes, range separation and
ground speed shall also be displayed.

3,5.15.8.7 Built In Test Equipment (BITE).- The contractoT shall determine
the test equipment necessary for performance monitoring and/or diagnostics,
provide all such test equipment (with equipment instruction books in
accordance with the SOW) and suitable/necessary mounting, interconnection
cabling, and sensors to implement the RMS as previously described herein. All
BITE used in the RMS shall be designed in such a manner as to allow
calibration of that equipment on & periodic basis that can be traceable to the
National Bureau of Standards. The test equipment shall be designed in such a
manner as to hold its specified accuracy for at least 180 days before
requiring recalibration. The ARSR-4 and its test equipment shall be designed
in such a manner 2s to enable the test equipment calibration while the ARSR-4

is on-line.

The contractor shall provide all test equipment racks, sensors, readouts,
wires, and/or cable interconnections OT accessories necessary for operation of
test equipment associated with the RMS. The contractor shall provide any
special calibration equipment and instructions, as stated above, necessary to
calibrate all test equipment.

3.5.15.8.8 Report Mode.- Report generation and processing shall be provided
and structured in accordance with message formats and interactive procedures
specified in NAS-MD-790, with the following exceptions: 1) Condition Status
Codes shall be transmitted with every data point sent in a Site Data Report,
and 2) The high and low threshold values for both hard and soft alarms must
have their own data point jdentification numbers. The message report format
shall be used for interaction for the ARSR-4 command /control using the RMS on-
site portable terminal (EIE) and the LDC. Report requests can be addressed to
either the MPS or directly to the ARSR-4. Full ARSR-4 control shall be
available, through site selection, at the LDC (3.5.16) and at the RMS on-site
portable terminal interface port through the RMS.

3.5.15.8.8.1 Alarm Reporting.- Alarm processing and reporting shall pre-empt
and interrupt 211 other report processing modes. A verified alarm report
shall be generated and transmitted to the MPS on the next poll in accordance
with NAS-MD-790. A pre-alarm shall be reported to the RMS in less than 12
seconds after its verification. Verified alarm reports shall be processed and
transmitted to the MPS on a first-in, first-out basis. Alarm reports shall be
retained in storage until they are transmitted to, and acknowledged by, the

MPS.
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3.5.15.8.8.1-1 Automatic Fault Alarm Reset.- The ARSR-4 shall contain an
sutomatic RMS alarm reset function to assist meeting the requirements of
3.4.4.4 with respect to true and false alarms. This function shall reset
consecutive fault alarms up tO 8 times (site adjustable between 1 and 8) or
that quantity which equals 12 seconds, whichever is less, before verifying the
alarm to the RMS. Additionally, the automatic fault reset function shall
count random fault resets for each alarm condition. When this count exceeds 8
for any alarm condition and alarm has not been reported to che RMS, a soft
alarm shall be reported through the RMS. When this condition exists, the
automatic fault reset for the particular alarm condition involved shall be
automatically disabled. The fault count shall be made over & sliding window
period which is adjustable betweern one hour and 24 hours in 30 minute
increments. The automatic fault reset function shall remain disabled for that
alarm condition which caused the disabling, until intervention through the

RMMS clears the count.

3.5.15.8.8.2 Remote Monitor Subsystem (RMS) Status Reporting.- Status report
requirements shall include various types of requests which can be jnitiated
manually by maintenance personnel. This initiation shall be done at the local
site through the RMS or through the MPS. Initiation shall also be done
automatically chrough the MPS. Both the manual or automatic initiation shall
be done for cither a specific status of a parameter within a group, ©or &
number of groups of monitored functional parameter values; or for a complete
status report consisting of all groups in 3.5.15.8.6(c).

The RMS shall report any change in current status within two seconds average,
10 maximum (99th percentile) measured from the time the status change occurs
to the time the status change message is ready for transmission toO the
concentrator (awaiting poll).

3.5.15.8.9 Remote Maintenance Monitoring (RMM) Diagnostics.- The RMS, built
into the ARSR-4, shall be designed to be fail-safe. Any failure in the RMS
shall not disrupt any radar functions OT cause operation outside normal
certified parameters. The RMS shall contain built-in diagnostic tests, in
firmware, designed to alarm if a malfunction is detected and tO locate the
malfunction (3.4.6.8). RMS failure alarms and diagnostics shall be made
available to the MPS via RMMS, at the portable terminal port, and at the LDC.
Isolations of failures shall follow the conditions as specified in 3.5.15.8.2.
MTBCF of the RMS shall be no jess than four cimes that of the ARSR-4, and
MTTRS shall be mno greater than that of the ARSR-4.
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3.5.16 Local Display Console (LDC).-
3.5.16.1 Plan Position Indicator §PPI}{Random Access PPI (RAPPI) .- The
DC whic

ARSR- &4 shall jnclude a L h shall serve as the primary interface for the
operators; and maintenance functions. Operations of the ARSR-&4 shall be able
to be initiated or controlled from the front panel of the LDC. The LDC shall
contain a combination PPI/RAPPL to display video data or 2 combination~of
video data (i.e.» PPI and RAFPL data at the same cime with contrast capability
co differentiate one from another) from the ARSR-& equipment and from
positions before and after major processing functions within the ARSR-4&4
processing chain. The timing of all videos displayable on che LDC shall have
target data located and aligned at che same azimuth and range.

3.5.16.2 Console Requirements.- The LDC shall be used as a maintenance
console during normal operation and as operator/concroller console during
emergency operation. The LDC shall be capable of providing simultaneous
display of radar videos (analog and digital videos displayed at the same time)
mixed with beacon video, Tange marks, and cursoT. Controls and displays shall
be provided to permit measurement of range and azimuth of any displayed
target. The capability ©o pair any two operator-selected RAPPI target symbols
shall be provided for up to six selected target pairs. A pairing line
connecting the targets and an associated data block shall be displayed for
each set of paired targets- The data block shall provide Tange: bearing, and
height data for the second target relative to the first. Controls shall also
be provided to select targets on che PPL/RAFPL (live or test targets) whose
height informaticn will be displayed on the tabular display. Additionally,
beacon target data (Modes 2, 3/A, & (friend evaluation results), and C code
jnformation] shall be displayed on che LDC on either the tabular oF digital
displays via target selection with che cursor. The displayed alphanumeric
target report data shall be organized in 2 vertical format. The capability t©
selectively display the report data in hexadecimal format as it is received
from the data processor shall also be provided. The capability for the
operator to relocate the position of the PPL/RAPPL data block from the tabular
display area, tO any desired location within the PPL/RAPPL display area2 shall
be provided. A switch in the NSA-approved security container (Mosler or
Hamilton) shall be manually enabled before the Mode & evaluation bits, Dl and
p2, will be displayed on the LDC. The LDC shall be capable of displaying
digital plot video with appropriate symbology t© display all types of messages
specified in 3.5.13. The ’up ®o three Mode & inhibit sectors’ specified in
paragraph 3.5.20.3.1.3.2 (b) shall be selectively displayed as 2 pair of full
screen vectors for each sector emanating from the radar origin. & vector pair
with shading emanating from che radar origin, bisected by the reported strobe
~ symbol bearing, shall be displayed for each displayed strobe report- The

bearing extent of the vecrtor pair shall be derived from the strobe report
runlength. The LDC shall be capable of displaying analog, digital and D/A
video data (3.5.l5.8.2) from wvarious stages of the data processing chain as
determined by the contractor and approved by che Government. & scrobe video a
shall be made available at the demarcation point and at the LDC.

PTG |
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All ARSR-4 systems shall have a capability to drive multiple displays to
fulfill some operational requirements. The contractor shall design the ARSR-4
to facilitate two display configurations which meet the following conditions:

(a) In the first configuration, a demarcation point using general
purpose type connectors shall be provided in such a manner as to
‘allow three additional displays to be connected in parallel to the
master LDC. Each of the three additional displays shall have the
capability to drive an additional four displays. Capability to
remote these additional displays up to 300 feet away from the ARSR-4
equipment room shall be provided. Analog and digital search,
beacon, and strobe videos; and azimuth data shall be made available
at that demarcation point for each of the three additional displays.

(b) In the second configuration, the LDC shall be designed in such a
manner so to enable displays to be connected in series to each
other. Each LDC shall have buffered output ports, to provide
isolation, and connectors available to slave additional LDCs in such
a manner as to allow full ARSR-4 control on the first LDC, which
shall serve as a master LDC, and the other LDCs shall be used for

display purposes only.

The capability of having both configurations implemented at the same time
shall be provided. In both of the aforementioned LDC configurations, Mode 4
request, enabling, and display signals shall be available at any and all LDCs.

A minimum of two displays shall be provided in the LDC. One of the displays
shall be a tabular display and shall provide temporary (volatile) display of
digital data; including selected output messages, test results, target beacon
code information, and search height information; in decimal form. The
diameter of the tabular display shall be at least 9 inches diagonally. The
LDC shall have a keyboard terminal with a data display (in addition to the
video display, but can be a part of the tabular display) which shall be used
by maintenance and operations personnel for controlling and monitoring the
ARSR-4 at the site via the RMS. It shall have the equivalent capabilities, as
a minimum, as the portable terminal as described herein. The second display
shall be a PPI/RAPPI display and shall be at least 16 inches in diameter. If
less than four pulses per beamwidth and/or less than one microsecond
pulsewidth is used, a stretched azimuth and range video pulse shall be
provided for the analog display. All the displays (PPI/RAPPI, tabular, data
displays) shall be completely self contained in one package and shall be
mounted on a low profile mobile cart as part of that package.

' The LDC shall have the capability of providing operator control of the ARSR-&
from the operator’s LDC position. All ARSR-4 controls available through the
RMMS shall be made available at the LDC, which could interface with the ARSR-4
RMS in the same manner as the RMMS portable terminal. This LDC control device
shall, as a minimum, provide the same features as the RMMS portable terminal

(NAS-MD-792 and NAS-MD-793).

-102-




FAA-E—2763b
October 15, 1990

A printer shall be jncluded €O provide 2 permanent record of the displayed
digital data- The LDC’s display and maintenance features shall be considered
as off-line OT nonoperational functions of the ARSR-&4, except during emergency
on-site operation in which case che display is an on-line operational
function. However, the operational control features of the LDC shall be
considered to be a part of the on-line, operational ARSR-4 equipment.

3.5.16.3 Ranee Selection.- Variable sweep range covering the scale factors
from 25 nm Per Cathode Ray Tube (CRT) radius to 256 mm per radius, inclusive,
in steps not t° exceed 1/128 of a CRT diameter shall be provided. The range

scale shall be indicated on the CRT in one nm increments.

3.5.16.3.1 Renge Selectiocn Offsetting.-- The display off-center control shall
and Y

provide for repositioning any X coordinate between 5 and 250 nm tO the

center of che display- A range expansion control shall be provided to change
the Tadius of the cirecular are2 displayed around the repositioned center from
5 to 30 miles. The expanded ecircular are2 shall extend from the repositioned

center tO the display edge.

3.5.16.4 Off-Centering.- Two selectable modes shall be provided for the
display sweep origin: (1) Centered on the CRT axis and (2) offset co the CRT

axis. 1In the offset mode, the sweep origin shall be capable of being offset
ijn X and I position at least one radius at the maximum sweep range. Lo
addition, the sweep origin shall be capable of being offset jn X and 1
position at least four radii on the 25 nm sweep range-

3.5.16.5 Electronic Cursor-~ An electronic cursor shall be provided,
appearing 2s 2 line from the cursoT origin €O the edge of the CRT. The sweep

crace curvature shall not exceed plus/minus 2 percent of usable CRT diameter
with the sweep origin centered. FoT the purpose of this requirement, the
curvature shall be considered the maximum deviation of che trace from 2
scraight line. The cursoer shall be suitable for making azimuth oT bearing
measurements oOn the CRT. The azimuth OT bearing measurement and range
measurement indications shall be presented on the CRT in alphanumeric form in
increments 0O greater than 0.1 degree and 0.1 nm. The curser jntensity shall

be adjus:able and the following modes of cursor selection shall be provided:
(a) Cursor 0ff - The cursor shall not be operational in this mode.

(b) Cursor Centered - The cursor origin shall be coincident with the
display Sweep Origin. FoT the purpose of measuring this
parameter, 2 rolerance of +/-0.075 inch is applied t° coincidence-

(c) Offset (Wandering) Cursor - The cuzsor origin shall be capable of

being offset tO any X and Y position on the CRT.
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3.5.16.6 Range Strobe.- A range strobe, appearing as a unique symbol, shall
be provided in all active cursor modes. It shall be possible to move the
range strobe to any incremental position on the electronic cursor line, where
the increments shall not exceed 1/512 of the CRT diameter. The range strobe
shall be suitable for range measurements on the CRT with indication of
measurement appearing on the CRT in increments not to exceed 0.l nm. The
bearing and range position of the .range strobe shall be included as part of
the PPI/RAPPI data block and it shall also be possible to tag the range strobe
with its positional information. The range strobe shall be suitable for
identification of targets or test pulses for which height is requested.

3.5.16.7 Range Marks.- Selectable range mark intervals of 5, 10, 20 and
50 nm shall be provided. Intensification of every fifth mark shall be

provided.

3.5.16.8 Video Inputs.- The display shall be capable of accepting and
simultaneous displaying all ARSR-4 video outputs in addition to the range
marks and range strobe. Each video, including the range marks and range
strobe, shall have independent gain (intensity) controls, ON-OFF switching,
and ON-OFF status lights. An adjustable PPI persistence control for display
of PPI videos shall be provided with adjustment for up to one scan.

3.5.16.9 Writing Shelf.- A writing shelf, extending the full width of the
LDC, shall be provided on the front of the LDC. It shall provide a suitable
working surface for an operator using a grease pencil in a darkened room. The
shelf shall have built-in illumination with a separate dimmer control with

power furnished by the basic display.

3.5.16.10 Compass Rose.- An illuminated compass rose (ring), graduated in
one degree divisions and numbered at ten degree separations, shall be
provided. The displayed compass rose shall be extinguished whenever the

PPI/RAPPI origin is offset.

3.5.16.11 Implosion Shield.- A l/4-inch thick plastic plate covering the
face of the CRT shall be provided to serve as an implosion shield and a
marking surface for grease pencils. This plate shall be easily removable from
the CRT Assembly for cleaning and replacement.

3.5.16.12 Physical Design.- The LDC shall be designed so that all displays
and indicators can be viewed and controls comfortably reached by an operator

seated in front of the console.

- 3:3.16.13 Readout Inhibit.- It shall be possible to blank all displayed

screen information except for the PPI/RAPPI presentation.

3.5.16.14 Antenna Position Indicator.- A real time antenna position
indicator shall be displayed about the PPI/RAPPI circumfarence.
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3.5.16. 15 RAPPI gymbals. - Any combination of the symbology specified in the
fallowing shall be able to be displayed alone or together, limited only by the
capacity of the output data circuits and the operational ARSR-4 equipment.
Except for the displaying of the emergency code which ghall always pe enabled,
each symbol shall be selected for display by individual front panel control.
However, in the instance of the five weather contour symbols, it is
pewmissible to use more than one control to select the symbols o be
displayed, providing the individual control over each symbol is still
achieved. When a symbal generation conflict OCCUrsS, pecause of the enabling
of multiple symbol types and because of the presentation for display of a
message which qualifies for mare than one of those symbols, the display
priority shall follow the order given in the following:

(a) Emergency beacon (DOQ) - This symbol shall be displayed whenever 2
validated emergency beacon report is presented to the RAPPI.

(b AIMS (:%&) - This symbol shall be displayed for any search, beacon
or AIMS—only report in which the AIMS present pit and at least one
AIMS code pit is set. The friend evaluation results shall be

displayed on the LDC in & marmer determined by the contractor.
(@.G+) displaying the evaluation results on the tabular display.)

(c) peaccn bomarc (ZE) - This symbol shall be displayed far any
beacon report with a validated Mode & X" bit, Mode 3/a X" bit,
ar both. 1t shall alss be possible to have this symbol displayed
for beacon targets which meet other display symbol criteria.

{d) Search—reinfprced peacaon ( §§> - This symbol shall be displayed
for any beacon report which has its gsearch radar—reinforced bit

set.

{e) Made 3/R beacon (Eg) - This symbol shall be displayed for any
beacon report with a validated Mode 3/A code.

(f) M~de 2 beactn ( G]) - This symbol shall be displayed for any
beacom report with a validated Mode 2 cwode.

(g) Mode C beacon (\E}) - This symbol shall be displayed for any
beacon report with a validated Mode C code.

(h) Any beacaon ([:]) - This symbol shall displayed for any beacon
target.

(i) gearch ¢ X)) - This symbol shall be displayed for any gearch
target repart, including the search RTQC target.

() Low intensity weather (—) - This symbol shall be displayed twice
at the azimuth contained in each low intensity weather messagié

ence at the start range and once at the stop range.
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(k) Medium Intensity ( l ) - This symbol shall be displayed twice at
the azimuth contained in each medium intensity weather message,
cnce at the start range and once at the stop range.

(1) High intensity weather ( I ) - This symbol shall be displayed
twice at the azimuth contained in each high intensity weather
message, once at the start range and once at the stop range.

(m) Strobe ( 2{) - This symbol shall be displayed for bath beacon and
search strobe reports.

(n) Search with 3D height( OQ) = This symbol shall be displayed for a
search target with a valid 3-D height.

() Search reinforced beacon with 3D height(<:7) - This symbol shall
be displayed for a search/beacon reinforced target with a valid 3~
D height.

(p) Military map () - This symbol shall be displayed twice at the
azimuth contained in each military map report, once at the start
range and once at the stop range.

(q) All targets ( o ) - This symbol shall consist of a distinctly
visible dot and, when enabled, shall be displayed for any target
c¢r message which could be represented by one or more of the other
symbols, providing that the other symbol or symbols are not

enabled.

Rll symbcls, except for the target dot, shall be approximately equal in height
and width. These dimensions shall be at least 9.125 inches (3.2 mr) , but not
greater than @.3Q inches (7.6 mm). The target dot shall not be larger than
Q.33 inches (1.2 mm). The RAPPI symbol size shall be independent of the RAPPI

expansion,

The RAPPI shall be capable of displaying 5 weather symbols corresponding to
NWS weather levels & through 6 teo be proposed by the contractor and approved
by the Goverrment. These symbals shall replace the symbals in (3), (k), and
(1) above when the expanded weather reporting capability is implemented.
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3,5.16.16 RAPPI Refresh.- A display refresh capability shall be included
with the RAPPIL. The area to be refreshed shall be defined by & single sector,
the start and stop range and azimuth values of which shall be able to be set
anywhere in the RAPRI's coverage with a resolution of 9.7 degree and @.5 nm or
petter. The refresh sector shall be established and the refresh function
cantrolled from the front panel. wher: enabled, all of the symbols which are
presented for display and which are within the sector shall be refreshed for a
selectable pericd of ane to ten scans in oneé scan increments. Targets which
are more than oné scan old shall be displayed at a brightness which may be
reduced from that of all ather RAPPI symbols, as cantrolled by a simple
internal ad justment. The decay of the earliest symbol when the eleventh, if
the t2n refresh scan is selected, shall not distort the other symbols
displayed. At least 100 targets (current and history) shall be able to be
refreshed. 1f more than the designed number of targets are presented to the
refresh circuitry, @ suitable notation to that effect shall be conspicuously
displayed on the front parel. The refresh shall be accomplished at such a
rate as to not cause discernible flicker, regardless of the number of targets
refreshed. The refreshed symbols shall be cleared by disabling the refresh

funct iorn.

3.5.16. 17 Printer.— The LDC shall contain a printer capable of providing a
permanent record of the entire contents of the tabular display. The printed
format shall canfarm as much as poassible ta that of the tabular display. The
printed output shall include the t ime-of-year clock data at the top of the
data block. 1t shall be possible g print one or path of the target messages
available on the tabular display. The printer format shall pe developed by
the contractor and appraved by the Gaovernment pefore equipment production is

begun.

The printed copy shall be legible and remain legible for at least 10 years.
The printer shall meet the requirements of paragraph 5.2.6.3 of MIL-STD-1472.
Provisions for automatic printing as the contents of the tabular display are
updated, auteomatic printing of either or both of the RTQC targets or the
comman format status message, and manual initiation of the print function
shall be included. Operation of the printer shall be by front panel control.
The most recent data shall be readable without manually advancing the printer.
The printer shall be capable of printing at least S@ common output beacon
messages per minute. The tabular and data displayed information shall be in
commonly readable format (alphanumeric, decimal form).

-107-



FAA-E-2763b
May 6, 1388

2:9.1€6.18 Data Entry Devices.~ The LDC shall include on its front panel all
of the controls and devices required to provide the routine operational and
maintenance control (3.35.16.2) of the ARSR-4. The contractor, using the human
engineering practices prescribed in 3.8.1.8 herein, shall design the front
panel of the LDC and its data entry devices for clear and logical
interpretation and operation. Data entry devices in this context include
potenticmeters, switches, trackballs, joysticks, pushbuttons, and keyboards.
In the event that a keyboard is utilized to control a function such as printer
"on-continuous, " RAPPI symbol display selection, or weather threshold
calibration, appropriate readback shall be provided to inform the operator of
the condition of the function. This readback, which takes the place of
observing a switch position, shall be provided for all such functions
contralled by the keyboard. The tabular display may be used for such
readback. The layout and functional operation of the data entry devices on
the LDC shall be designed and demonstrated to be compatible with the intended
maintenance and operational usage in the expected operational environment
before the equipment production begins.

2.5.16.19 LDC Self-Test.~ The LDC shall be able to test itself, check the
test data against established norms, and report the results of the check, if"
appropriate, on the tabular display. All tests shall be able to be manually
initiated from the front panel.

2.5.16.2@ PPI Display Self-Test.- The PPI video and data inputs shall be
able to be tested by injecting an internally-generated test waveform with a
frequency of approximately 1@ KHz into each input individually. The waveform
shall be such that correct action of the slicer associated with the applicable
videx input can be observed on the display. Simulated range and azimuth data
shall be available within the LDC to check operation of the display in the PPI
and the RAPPI modes. A capability to generate any type of digital data input
received from the ARSR-4 cutput buffers shall be provided to test the RAPPI
display. All RAPPI symbonls, and their refreshment, shall be able to be tested

using internally-gererated test message inputs.

3.5.16.21 Tabular Display and Data Entry Device Self-Test.- A lamp-test or
equivalent exercise of all of the display's cutput units shall be provided.
Using the tabular display, the correct operaticn of the keyboard and any other
similar data entry device shall be able to be demcnstrated.
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3.5.17 ARSR-4/ATCBI-S Interface Requirements. - The ARSR-4 shall be designed
and built to meet the performance requirements specified in 3.4 with the data
received from an ATCBI-S using the formats specified in the following
paragraphs, without modification to the ATCBI-S equipment or its interface
requirements. Signal canditioning capabilities shall be provided as necessary
to meet these requirements over interconnecting cables of at least 3@@ feet in
length. Isolation which is adequate to prevent damage to (or failure of) the
ARSR-4 from cccurring as the result of cpen or short circuits or the
application of spurious voltages of up to +/-100QV (from source impedances as
lmw as 1,0Q08 f2) on any or all of the ARSR-4 interconnecting cables shall be
provided. Unless otherwise specified, the interface cabling shall consist of

cmaxial cables with the correct characteristic impedance for the signal it is
to carry.

3.5.17.1  Irput Video.- The beacon input video shall be from the ATCBI-S.
The beacon video will be a serial video data stream which will contain the

aircraft ccde train replies. The video will be realigned to remove the short

stagger which may have been introduced by
remain staggered as the result of the externa

the beacon interrogator, but will
1 stagger requirements of

3.5.17.3. The video will be synchronized with the beacon pair g¢rigger. The
videa will have been subjected to the effects of Gain Time Control (BTC)

circuitry in the receiver (ahead of the

guantizer). The nominal and extreme

characteristics of the quantized video will be as follows:

Nominal Extreme
Amplitude +4.Q V +1.0 to +8.0 V
Baseline 2.2 V -1.2 to *1.8 V
pulse Duration Q.45 psec 2.1 to 2.0 psec¥
Rise Time - 9.28 psec .25 to 0.2 psec
Fall Time a.15 psec .05 to 0.3 HSec
Impedance 75 R 70 to 8@ R
Noise +3.1 V +2.2 V maximum
* Note: The wider pulsewidths reflect the widths that may result

from overlapped pulses in the replies from two or more aircraft.
The width of neninterfering pulses will not exceed @.6@ psec.
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2.5.17.2¢ Eeacon Mode Pair Triggers.- The ARSR-4 shall accept the beacon mode
pair triggers generated within the beacon interrogator and use them to
determine the range and beacon mode of the aircraft's video reply trains. The
triggers will consist of a single pair of pulses per sweep, the separation of
which will indicate the mode of that radar sweep. The first pulse to occur is
designated Pl and the last pulse is P3. P3 is stationary with respect to
beacan zero range. Any interlace sequence or combinations of

Modes 2, 3/R, and C may be provided by the beacon radar. The nominal and
extreme characteristics of the beacon mode pair triggers will be as follows:

Nominal Extreme

Amplitude +15 V +1@ to +€Q V
Baseline 2.4 V -3.35 to +@.5 V
Width 1.0 psec 0.5 to 2.0 usec
Rise Time 0.28 psec Q.15 psec maximum
Fall Time 8.3 psec Q.5 psec maximum
Pulse Spacing (P1 to P3)

Mcode 2 S psec 4.8 to 5.2 usec

Mode 3/A 8 usec 7.8 to B.2 psec

Mode C 21 upsec 20.8 to 21.2 psec
Impedance 75 Q 7@ to 80

3.9.17.2.1 Mode 4 Reguirements.- BTP performance peculiar to Mode 4
cperation is described in 3.95.20.

2.59.17.5 ATCBI Beacon Trigger Reguirements.- The ARSR-4 shall provide three
separate trigger outputs to the ATCBI system time coincident with a subset of
the primary radar transmission trigger. The subset shall be selected to.
provide a PRT of approximately 315@ psec. The time between any two triggers
shall nat be less than 2888 psec. The first shall be a nconstaggered radar
range zero trigger. The second shall be a nonstaggered pretrigger 102 psec
prior to range zero. The third trigger shall be a four periocd staggered
pretrigger with a minimum pulse to pulse time period difference between pulses
of 3@ psec. The pretrigger/trigger timing shall be site adjustable to

+/=-3@ percent in one psec increments over the range of the adjustment.

3.9.17.3.1 ATCBI Beacon Trigger Characteristics.- The trigger pulses shall
have the fuollowing characteristics:

(a)  Polarity: Positive
{b) Duration: Q.3 ta 2.5 psec
() Amplitude: S to 3@ V peak across 75 R input

terminating resistor

{d) Rise time: Not more than 2@ percent of pulse duration
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3.5.18 ARSR-4/Mode S Interface Requirements. — The following paragraphs shall
be used by the contractor in the design of the ARSR-4 interface with the

Made S system without modification to the Mode S equipment or its interface
requirements.

3.5.18.1 ARSR-4 Search Target Extraction Function To Mode S.- There shall be
dual sets of isolated data lines from the ARSR-4 search target extraction
function to the Made S sensor. Each link shall be capable of handling the
data gererated by the ARSR-4 and provide to the Mode S all surveillance data
with a delay of ro greater than 325@ mnsec after passing the target boresight
position. Data shall be transmitted at a rate of 2.5 MHz,

2:9.18.28 ARSR-4/Mzde S Communication Interface Characteristics. - The
electrical and mechanical characteristics of the communication interface shall
conform to a subset of EIA-RS-53Q. This interface shall be a category I
Ccircuit with the balanced electrical characteristics as specified in EIA-RS-

422,

2.5.18.3 ARSR-4/Mode S Link Contral Level.,-

3.5.18.3.1 Procedures.- The surveillarce data-communications link level
protocnl to be used betweer the ARSR-4 and the Mcde S sensor shall be the bit-
oriented Advanced Data Communicatiocns Control Procedure (ADCCP) as per ANSI
X3.&€. The ADCCP provides for three classes of procedures. Only one of these
is required for this application and is as follows: Asynchronous Balanced
Mode (AEM) -~ Under such procedures, each of the two staticns on a point-to-
paint link is a combirned (primary and secondary) station. As appropriate,
either of the two stations can take on the primary role (send commands),
causing the ather to take on the secondary role (send responses).

2.3.18.3.2 Irformation Field.- The information field contains the search
target extraction output messages. These messages consist of ARSR-4 target
reports, status, and alarm reports as specified in 3.5.18.4. These reports
are placed in the information field singly.

Only one repcort shall be allewed within each ADCCP frame. It is not
permissible to split a report across two or more frames. Data output words

are transmitted starting with their MSB.

2.5.18.3.3 Control Furctions.- The search target to Mode S interface control
is a simplified subset of the ADCCP control protocol, and can be considered a
simplex circuit. No data retransmission shall be allowed urder any
circumstarces.
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3.5.18.4 Message Level.-

3.5.18.4.1 Code Set.- The information fields of the search target
transmission shall be constructed using transparent binary. No code structure

(such as RSCII) is to be used.

2.5.18.4.2 Message Format.- Two types of messages are sent from the ARSR-4
to the Mode S. They are target reports, and status and alarm reports. These
are described in the following paragraphs.

2:5.18.4.3 Target Report.~- The target report message consists of data from
the search target extraction function via the first function of the scan to
scan correlator as defined in 3.5.7. This report and its format shall be
defined by the ARSR-4 contractor and incorporated into the ARSR-4 only after
it has been demonstrated to be fully compatible with the data transmission
capabilities and data requirements and utilization of all end users

(e.g., SOCC, ARTCC, USN, etc.).

3.5.18.4.4 Status and Alarm Report.- At least one status report and one
alarm report shall be sent from the ARSR-4 to the Mode S on each scan. If a
change in the ARSR-4 status or an ARSR-4 alarm occurs, a status or alarm
report shall be transmitted from the ARSR-4 to Mode S within one scan.

Neither the format rnor the contents of the status and alarm report has been
defined. This report and its format shall be defined by the ARSR~4 contractor
and incorporated into the ARSR-4 system only after it has been demonstrated to
be fully compatible with the data transmission capabilities and data
requirements and utilization of all end users (e.g., SOCC, ARTCC, USN, etc.).

3.5.18.5 Mode S Reinforce Function to the ARSR-4 Editing Functicn Interface.-

3.5.18.5.1 Physical Ceontrol Level.-

3.5.18.59.1.1 Communication Links.- There shall be a dual set of isolated
communicaticon links from each Mode S surveillarce processing charnel to the
ARSR-4 for editing. Each communication link shall be capable of handling the
data rate gererated by the Mode S. Data shall be transmitted over both links
simultaneously provided both Mode S surveillarce processing channels are
available. Data shall be transferred at a rate of Q. SMbps.

2.5.18.5.1.2 Communication Interface Characteristics.- The electrical and
mechanical characteristics of the communication interface shall conform to
EIA-RS-53@. This interface shall be a category I circuit with the balanced
electrical characteristics as specified in EIR-RS-42Z.
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2.5.18.5.2 Link Control Level.-

3.5.18.5.2.1 Procedures.— T1he surveillance data-communications link level
protocol to be used between the Mode S and the ARSR-4 for editing function
shall be the bit-oriented ADCCP as per ANSI x3.66. The ADCCP protocol
provides for three classes of procedures. Only one of these procedures is
required for this application, namely, the ARBM which is as follows:

ABM - Under such procedureas, each of the two stations on a point-
to-point lirk is a combined (primary and secorndary) station. As
appropriate, either of the two stations can take on the primary
rale (send commands) , causing the cther to take on the secondary
role (send responses).

3.5.18.5. 3 Information Field. - The information contains the following
message types. Each message is placed in the information field singly. The
messages listed belaw shall include all applicable data defined in 3.5.13.

(a) Target reports identical to the reports sent to Mode S. These
reparts represent reports that did not reinforce a Mode S beacon
report. These reports are also referred to as radar-only reports.

(b Maode S/radar reinforced repaorts which contain beacon 1D field
bitsi including tag pits like IDENT, REINFORCEMENT, EMERGENCIES,
AND CODE VALIDATION BITS. ARlsc contained in this report are
range, azimuth, Mode 3/R, 2 and C codes, and other target report
data established by 3.5.18.4.3. These reports are also referred
ta as radar beacon merge messages.

(c) Made S beacon reports which contain beacon iD field, tag bits,
range, azimuth, and Mode 3/R, 2 and C codes. These reports are
alsc referred to as peacorn-only messages.

(d) ARSR-4/Mode S status which contains the status of the ARSR-4 which
ARSR-4 sends to Made S and appended to this message is the status

of Mode S.

3.5.18.5.4 Contral Functions.—- The Mcde S/ARSR-4 editing function interface
control shall be a simplified subset of the ADCCP contral protocol, and can be
considered a simplex circuit. No data retransmission shall be required from
Mode S under any circumstances

3.5.18.5.5 Message Level.-

5.5.18.5.5.1 Code Set.- The information fields of the Mode S transmissions
are constructed using transparent binary. No code structure (such as ASCID)

is used.
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3.5.18.5.5.2 Message Farmat.- There are four types of messages sent from the
Mode S to the ARSR-4 as follows:

(a) Radar-only reports
(b} Beacon/Radar reinforced reports

(c) Beacon—only reports
(d) ARSR-4/Mode S status messages, as specified in 3.5.18.5.3

The actual format of the data in the information field is the responsibility
of the contractor and details of the format shall be included in an interface

control document developed by the contractor.

3.5.18.6 Data Switch Requirements.- When the ARSR-4 is operating with a

Mcde S Interrcgator, the ARSR-4 shall continuously menitor the Mode S on—-line
channel signal. In the event of a Mode S surveillance processing channel
failure or a Made 4 request and interrcgation, the ARSR-4 shall automatically
switch to a mode in which the Mode S quantized beacon video is provided to the
ARSR-4 and processed in a manner similar to the quantized beacon video
received from an ATCBI-S. Appropriate status signals shall be provided to the
RMS to indicate whern the ARSR-4 has taken over the beacon processing function.

3.5.18.6.1 Mode 4 Data Switch Reguirements.- When Mode S is fully
aperaticnal, Mode 4 requests shall take precedence in that one Mode S
transmitter and antenna shall be committed to Mode 4 operation on demand. In
additicn, all the BTP functions during the Mode 4 operation shall be provided,
including test target generation and diagnostics.

3.5.18.7 Mark XV Requirements.- The ARSR-4 shall be capable of Mark XII
request and reply processing, as described in DOD AIMS 65-108@, on aircraft
equipped with Mark XV transponders.

2.5.18.8 Staggered Mode S Beacon Trigger.- The ARSR-4 shall provide two
separate trigger outputs to the Mode S system. The first shall be a radar
range zero trigger time coincident with the radar transmission. The second
trigger shall be a four period staggered pretrigger with a minimum pulse to
pulse time perind difference between pulses of S@ psec. The trigger average
PRF shall be field adjustable +/-5 percent in increments of 1 percent or less.
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Weather Dis lay System {RRWDS) Interface.” The ARSR-4
ed and built to meet the performance requirements specified in
3.5.12.2.1 and shall provide video, pretrigger, ARP/ACP data, and status
signals in accordance with the following subparagraphs. Signal conditioning
capabilities shall be provided as necessary to meet these requirements over
interconnecting cable 1ength of up to 00 feet. Isolaticon which is adequate
vt damage %o (or failure of) the RRSR-4 from occurring as @ result of
cpen or shart circuits or the application of spurious voltages of up to */—
10V (from source impedances as low as 1,080 Q) on any or all of the input
ports, of the RRWDS shall be provided. The interface cable for the video,
retrigger, and ARP/ACP signals shall be RG-59U with yG-26QC/W connectors at

the RRWDS inputs.

shall be design

to preve

3.5.13.1 Weather Log Videa.~ The input weathev log video from the ARSR-4 at
the input bo the RRWDS shall have the following characteristics:

(a) Amplitude: +2 to +SV

(b) Impedance: 75 @

() Type: Analog log vided

3.5.13.2 Pretrigger.” The pretrigger from the ARSR-4 at the input to the
RRWDS shall have the following characteristics: ‘
(a) fmplitude +5 to +30 V

thi Timing 1 to 208 psec prior to radar time zere

(c) pulse duration 2.5 to ¢ psec
(d) Rise time 0.15 psec maximum
(e) Impedance 75 R

3.5.19.3 Azimuth Reference pulse (ARP) /Azimuth Change Bulse (acp) .~ The
ARP/ACP data from the ARSR-4 at the input to the RRWDS shall have the
following characteristics:

(a) Amplitude +5V minimum

{b) Rate 4235 ACPs per revoluticn
One ARP per revolution

(c) Impedance 75 @
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3.5.19.4 Status Signal.- In the event that the ARSR-4 design has a dual
channel weather receiver and/or processor, the following status signals shall
be provided at the input to the RRWDS:

(a) Channel A: On " Ground
Off . +3 VDC or +12 VDC
(b) Chanrel B: On Ground
off +3 VDC or +12 VDC
(c) Impedancet 18 KQ .

3.5.19.5 Optional Interfaces.- The contractor may elect to interface with
RRWDS at other than the specified analog log video input if it can be shown
that this in no way degrades the data cutput from the RRWDS. Any modification
required of the RRWDS to accommodate this interface shall be accomplished by
the contractor as part of the ARSR-4 effort, including the necessary changes
to the RRWDS documentation to reflect the modification(s).

3.5.20 Mode 4 Interface.- The ARSR-4 shall provide for operation with Mark
XI1I modes 2, 3/Ry, C, and 4, and Mode S (for sites equipped with Mode S). All
beacon requirements (including the beacon capacity requirements) stated herein
apply to the Mode 4 function unless otherwise stated in the following
subparagraphs. The Mark XII modes shall include the provision of video
outputs from the BTP, with the technical characteristics detailed in DOD ARIMS
65-1@00B. The technical characteristics and requirements for Mode 4 operation
are provided in the following subparagraphs.

The data lines to/from the ARSR-4 site and SOCC will be encrypted for
transmission to protect the Mode 4 friend level (D1/D2) information.
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3:5.20. 1 Mode 4 Peculiap External Interface Eauipmegt.- The following

€quipment sha]] be used as Specified herein,

{a) Mode 4 Computer, KIR-1{B on KIR-{C - Provides encryption of Mode 4
interrogations and validation of Mode 4 replies as Specified ip
DOD AIms 64-900D,

(b) Interface Device K6-84C - Provides interfaces between the Usar
modems ang message formattep and providesg ancryption of data
between the ARSR~4 ang the soce, The interface device
characteristics are as Specified ip the KG-84C Performance and
Interface Specification.

{c) Remote Rekeying Device, known ag either the Generjc Remote
Rekeying System (GRRS) op the FARR/1ADS Remote Rekeying System
(FIRRS) - Provides control of rekeying of the KG-g4C interface
device ang the KIR-1p or KIR-{C.

accomplished by the KG-84C interface device, g1} rekeying functions of the
KIR-1B op KIR-1C and KG=84C wil] be performed by the Bovernment key Mmanagement

hardware (GRRS op FIRRS),

3.5.20.2 Mode 4 Performance Re Uirements, - The beacon Performance
"equirements of 3.4.2 apply to the Mode 4 operation except as described in the

following subparagraphs.

3.5.20. 2, 1 Mode 4 Reguirements.- When using Mode 4 only, the probability of
detection in 3.4,2,3 shall equa} the Specification values stated for primary
mode only responding for 4y 6 and g interﬁogations. For 11, 15 and a3
interrogations, the valyes shall be 0.95, When using Mode 4 simultaneously
with Modes 2, 3/R, and Ci the probability of detection for Mode 2, Mode 3/R,

and Mode C shall not pe degraded,

3.5.20.2.2 Code Validation, - When Using Mode 4 only, the friend e@valuation
Specified in 3.5.20.3.2.2 shall pe achieved at least 35 rercent of the time,

{a) With 18 PRTs opr more separation, the Mode 4 targets shall pe
distinguishable in azimuth 5% of the time,
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(c) When one target does not respond to a Mode 4 interrogation and
another target does respond to a Mode 4 interrogation, the Mode 4
response shall be distinquishable and reinforce with the correct

garget 939.5% of the time.

3.5.20.3 Mode 4 Detailed performance and Design Re uirements.- Figure 3-6 is
a block diagram of the Mode 4 Function, and Figure 3-7 shows more detail on

the external interfaces. Functions of the Mode 4 processor and the KIR-1B or
KIR-1C are described herein. These figures are provided for explanation
purposes only and do not imply any pre-supposed design.

The contractor shall provide two NSA-approved security containers {Mosler or
Hamilton, Model #54-50 for either company) for housing the KIR-1B or KIR-1C,
the BRRS or F1RRS, and six KG-84Cs. The contractor shall provide a power
distribution panel (with external power cable) and cooling for the equipment
within each of the security containers. The coocling system shall provide for
closed door operation of the equipment within the security container. Each
container shall have an overtemp censor to report overtemp conditions to the
g0CC and RMS. In addition, the contractor shall supply a Time of Year Clock
input to the security container for use by the GRRS or FIRRS. The contractor
shall provide the interconnect cabling between the ARSR-4 equipment and the
KIR and the KG-84Cs. The contractor shall also provide AC power wiring to and
inside each container. The contractor shall provide the AC power wiring from
the power distribution panel to the KIR-1B or KIR-1C and to the contractor-
furnished equipment within the containers. The Government shall provide the
AC wiring from the power distribution panel to all EIE within the containers
other than the K1R-1B or KIR-1C. Switch wiring, door open sensing, and over-
temperature sensor wiring shall be provided by the contractor inside the
containers and to the ARSR-4. The Government shall be responsible for all
other cabling and wiring inside, between, and to the containers. RS-530
interconnects will be used with the data processor configured as Data Terminal

Equipment.

The contractor shall provide 3 switch panel within the security container
containing switches to enable a number of Mode 4 functions including:

(a) gelection of evaluator mode,

(b) Enabling of D1-D2 bits to the LDC,
(c) selection of the A/B code,

(d) LDC Mode 4 Control Switch,

(e) Port Assignment Switch, and

(f) ISLS Pulse
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3,5,20.3.1 Mode 4 Enabling.- The interface between the gocC and the ARSR-4
shall provide for actuation of Mode 4 operation from the SOCC. In addition, it
shall be possible to enable the Mode &4 operation from within the ARSR-4 site at
the LDC. The purpose for this latter function is to permit local control of
Mode 4 operation during on-site maintenance and autonomous operation. The local
enable capability shall fully duplicate the enable functions of the SOCC.

Mode &4 enabling is accomplished by grounding a control lead connected to the
KIR-1B/KIR-1C in ‘accordance with DOD AIMS 64-302D. This grounding action shall
be activated by Mode 4 request messages from the SOCC and the LDC, and shall
provide for both automatic sector control and manual operation. Manual enabling
shall be possible through a spring loaded, manually operated challenge switch
located at all LDCs. Figure 3-8 shows how Mode 4 enabling may be performed
petween the SOCC and the LDC. Mode & challenges shall utilize the same antenna
subsystems used for ATCBI-S and Mode S. This figure is provided for information

purposes only and does not imply any presupposed design.

3.5.20.3.1.1 Enabling Functions at the SOCC.- The enabling functions for
Mode 4 operation at the SOCC shall have, but not be limited to, the following:

Enabling the Mode 4 manually by operator actions.
Enabling the Mode 4 by automatic sector operation.

Manual and combuter directed selection of center azimuth is transparent to the
ARSR-4. Start/Stop azimuth will be sent to the ARSR-4 system. The format
resulting from the selection is the 91 bit modified cp-2 format.

gelection of center azimuth (manual or computer directed).
gSelection of the first three above without interfering with S0CC

operation of Modes 2, 3/R, and C.

Whenever Mode 4 operation of the ARSR-4 is requested, the modulation pulses from
the KIR-1B/KIR-1C shall be fed via the Mode 4 processor and the BTP to the
ATCBI-S or Mode S for the production of RF pulse train signals. The shape and
tolerances of the modulation and RF signals shall be in accordance with DOD RIMS
64-900D and DOD AIMS 65-100QB. The radiation of the Mode 4 signals shall continue
only for the duration of the enabling of the KIR-1B/KIR-1C and shall cease
immediately with the cessation of the modulation signals from the KIR-1B/KIR-1C.

3.5.20.3.1.2 Enabling the Mode 4 at the ARSR-4 Site.- It shall be possible
to operate all of the above Mark X1l enabling functions (including Mode 4)
from within the site of the ARSR-4. These functions shall be made possible
through the installation and use of one or more displays (3.5.16). There
shall be an automatic change-over of the control functions when the LDC(s) is
(are) placed into operation. When operating from the LDC(s), there shall be
no deleterious effects placed on the S0CC interfaces due to the change—over of
the controls. When the ARSR-4 is being controlled by the LDC(s), an alarm
signal shall be automatically sent back to the RMS, to indicate that the
control of the ARSR-4 is not available to the SOCC operating positions. Upen
subsequent disabling of the LDC(s) and return of the control to the SOCC, the

alarm signals shall be automatically removed.
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3.5.290.3.1.3 Sector Operation of Mode 4.- Sector enabling may be a function
of the BTP or the Mode 4 Processor. It shall be possible to select sector
speration from the SOCC and the ARSR-4 LDC(s) with the sector centered over
any selected azimuthal positicn. A separate cantral such as an enable line or
switch control shall be provided for 260 degree operation.

3.5.20.3.1.3.1 Mcde 4 Sector Enabling.- Sector control of the Mode 4 shall
be done by enabling the circuits of the KIR-1B/KIR-1C, in accordance with DOD
QIMS E4-3QQD. Sectar control shall be performed by selecting an azimuth
positiom and having the sector start before and center over the chosen
Zzimuth. The sector width shall be 1@ degrees (sector azimuth +/-5 degrees).
Whern 36Q degree operation is desired, it shall be made available through a
saparate (mementary type) contral function.

3.5.3@.3.1.3.3 Maode & provisions for Operational Requlations.— Provisions
<hall be made in the ARSR-4 design to automatically send an alarm via RMS to
the MPS and irnhibit the Mode & operations during the following situations.

(a) Whern 2&@ degree operation is initiated and in use

(b When Mcde 4 is initiated and conflicts with any of three site
selectable sectars. The sector azimuths and widths shall be site
adjustable in one degree increments over the entire 36Q degree

coverage volume.

The design =f the ARSR-4 shall provide a simple means for bypassing the alarm
and the inhibition of the Mode 4 operation at the ARSR-4.

3.5.20.3. 1.4 Enabling Mcode 4 Almmg with Mcdes &, 3/R8, and C.— Both of the

-t

fallowing Mode 4 sperating modes shall be celectable from the sgcC. The BTP
shall be capable of suitable cperation with both (a) and (b).

{a) When the Mode 4 is enabled, the Mode 4 signals shall be combined

and radiated simultarecusly with any of the aperating

Modes 2, 3/R, or C. Mode S shall pe inhibited on the front beacon
anterma, but may radiate cn the back beacon antenna in Mode S
Beacons. In meeting all of the requirements specified herein, the
contractor shall take into account any mutual interference effects
induced by any of the beacon antennas radiating, regardless which
-~f the three beacaon anterma configuratiom is used. This form of
dual mode operation is sometimes indicated as Super Mcde, and is
the riormal mode of cperation. Super Mcde and Mode 4
interrogaticn-reply timing details are provided in Figure 3-9.

(b) When Mode 4 is enabledi Mades 2, 3/A, C, and S (in Mode S Eeacons)
that are aperational shall be inhibited (disabled) for the dur-—
ation of the Mode 4 speraticon. The irnhibited mcdes shall in—

stantly and automatically resume at the completion of the Mode 4
cperation. This is a special made of operation.
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3.5.20.3.1.4.1 Synchronization. = The system shall synchronize all mode and
SIF interrogations so that there shall be no interference between
interrngations or replies for either airbcrne or ground operations relative to
the same target. The timing characteristics of the SIF pretrigger shall be as

follows:

(a) Pulse Width 9.5 to 10.8 psec

(b) Frequency 200 to 450 pps

3.5.28.3.1.4.2 pPRF.- The average PRF of the SIF pretriggers shall not exceed
459 pps as specified in DOD AIMS £5-1032B.

3.5.28.3.1.4.3 Mcde 4 Pretrigger Jitter.-— The Mcde &4 pretrigger shall always
be inhibited if the jitter on the input SIF pretrigger is greater than

Q.4 psec. If the jitter is less than 8.2 HSEC, the Mcde 4 pretrigger shall
always be generated. The range between 2.2 and ©.4 psec is a gray region due
to timirg system tolerances and quantizing effect of the digital counters.
This feature may be bypassed by activating a switch on the synchronizer SO
that challenges may be sent even when the jitter exceeds 0.4 psec.

3.5.80.3.1.4.4 ATCRES SIF Interrogation.— The ATCRBS SIF interrogation input
pulse characteristics shall be in accordance with 3.4.2.2.

3.5.20.3.1.4.5 Not Usad. -

3.5.80.3.1.4.6 Nok Used.

2 5.20.3.1.4.7 Mode 4 Challenge Signal.- The Mcde 4 pretrigger shall caus®

the system to generate the Mode 4 challenge signal if the Made & enable gate
is present. The Mode 4 challenge signal shall be in accordance with DCOD ARIMS

£4—-90¢D.

3.5.20.3.1.4.8 Mode & Irterrogator Sidelobe Suppression (IsLS).~- The system
shall gererate a Made &4 trigger which shall be adjustable in position between
the fourth synchronous pulse and the first information pulse position of the
Mode 4 interrogation pulse train. A switch shall b2 provided which shall
cause the Mode & ISLS trigger to appear on a separate cutput jack aor be mixed
with the Mode % challenge pulsa train at the same output with the Mode 4
challenge puis2 teain. The Mode 4 ISLS pulse characteristics shall be in
acenrdance with DOD AIMS 65-—1C03QB.
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3,5.28.3.1.4.9 Mode 4 Gain Time Control (GTC) Trigger.- The system shall
provide a Mode 4 GTC trigger having the following characteristics:

(a) Pulse Duration 8.3 to 1.5 psec

(b) Rise Time 8.1 psec, maximum

(c) Fall Time 0.3 psec, maximum

(d)  Amplitude +3 to 5 VDC

(@) Baseline @ + 1 volt DC

(f) Impedance 90 R

(g) Timing 372 + Q.5 psec following Mé
pretrigger

3.5.20.3.1.4.18 Mode 4 Video Suppression Gate.- The system shall provide a
Mode 4 video suppression gate output. The video suppression gate shall have

the following characteristics:

(a) Duration g to 100 usec

(b) Rise Tiﬁé 2.5 psec, maximum

(c) Fall Time 1.9 psec, maximum

(d)  Timing Within 0.5 psec of the first synchronous
pulse of the challenge train.

(e) Amplitude +5 to 50 VDC

(f) Baseline 9 + 1 volt DC

(g) Impedance 50 @

The video suppression gate shall be timed relative to the Mode 4 KIR trigger
to occur nominally @.5 psec prior to the Mode 4 challenge video.

3.5.20.3.1.4.11 Noise Jitter PRF.- The system shall generate a new SIF
pretrigger adjustable from 286 to 444 psec following receipt of a jittered
SIF pretrigger. The delayed SIF pretrigger shall have the following
characteristics:

(a) Pulse Duration 0.5 to 2.0 usec

(b) Rise Time " 0.1 psec, maximum
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{e) Fall Time 0.2 psec, maximum

(d) Jitter +/- Q.1 psec, maximum
(e) Amplitude +5 to S0 VDC

(f) Baseline 2 + 1 volt o]

(g) Impedance 92 R

3.5.2@.3.1.4.12 Internal Trigger.= The system shall have self-test circuitry
and use it to validate the presence of the Mode 4 pretrigger.

3.5,20.3.1.4.13 Mode 4 Pretrigger.~” The system shall generate a Mode 4
pretrigger 354 psec, +/-0.1 psec ahead of the time for a zero range ATCRES
SIF reply. The pretrigger shall be correctly generated for any fixed PRF
petween 208 pps and 43Q@ pps and for any two-cycle staggered PRF.

3,5.20.3.1. 4. 14 Super Mode Pretrigger gignal.- When in the Super Mode of
operation, the system shall generate a signal simultaneously with the Mode 4
pretrigger to indicate Super Mode (as opposed to Mode & only! operation.

3.5.20.3.1.4.15 Readout Delav.- The system shall include a timing site
adjustment that permits a zero range target to be delayed with respect to the

S51F pretrigger from a minimum value of 8 psec to a maximum of 98 Msec-

3.5.2@.3.1.4.16 Mode 4 Mode gwitch.- The system shall select the
interrogation train timing when the synchronizer (which sends the timing
trigger signals to the. BTP) is used in eutomatic, Super Mode, or manual
override modes operation. The Mode 4 pretrigger shall be generated 354 psec

prior to S1F zerc range. The Mode 4 pretrigger shall be generated 441 psec
prior to zero range.

3,5.20.3.1.5 Mode & Loop Test and Self Tests.~ The ARSR-4 shall alsc have
provisions for loop testing the Mode 4 function, including the interfaces from
the SOCC. The loop testing function shall exercise all of the functions of
the Mode 4 hardware units specified herein, except for the following:

(a) Functions of the KIR-1B/KIR-1C which performs its own self checks.

{b) The GRRS or FIRRS equipment rekeying and zercizing functions.
Loop testing shall be capable of being performed without interruption of
normal operation of the Mode 4 function. Failures detected by the loop test,

and 18 status lines total from EIE and vault security shall be interfaced to
the RMS. The characteristic of each status signal is as follows:
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KG-84C Alarm & each

KG-84C Transmit ready remote indication & each

KIR Lockout light return 1 each

KIR Code zeroize and alarm output 1 each

Vault overtemp 2 each
2

Vault door open each

The Mode 4 function shall include the provisions necéssary for performing all

of the Mode

3.95.20.3.2

4 tests specified in Paragraph 3.5.15.8.

Mode 4 Processing Requirements.- The design of the BTP/Mode 4

Processor/Mode 4 Evaluator when interfaced with the KIR-1B/KIR-1C equipment
shall perform the following functions:

{a)

(b)

(c)

(d)

Provide synchronization of Mode 4 and SIF interrogations.

Determine the FRIEND level through a target reply evaluator which
performs its evaluations from Time Decoded Video received from the
KIR-1B/KIR-1C which receives Mode 4 replies from the ATCBI-5 or
Mode S Interrogator. The evaluator for this FRIEND determination
may be designed as a separate electronic assembly located near the
BTP or may be internal module(s) in the BTP or Mode 4 Pracessor.
The degree of FRIEND determination by the evaluator shall be equal
to or greater than the FRIEND determination produced by the
algorithm given in 3.5.20.3.2.2.1 which has three designators:
TRUE FRIEND, NEAR FRIEND, and POSSIBLE FRIEND.

Provide a capability for bypassing the Mode 4 evaluator function
to supply nonevaluated Mode 4 reply signals., A "non-evaluated
Mode 4 reply signal" as used in this context is a Mode 4 video
signal. When the evaluator bypass is in effect, Mode 4 messages
shall not be sent to the SOCC. Only evaluated Mode 4 reports
shall be transmitted to the SOCC via the message formatter,
Non-evaluated reply signals shall be made available at the LDC for
test purposes. When this bypass function is being utilized, the
other Modes of 2, 3/R, and Cy as well as the Mode S (for sitas
equipped with Mode S) shall not be inhibited or otherwise

perturbed.

Provide the Mode 4 signals to the Mode 4 Processor where the

Mode 4 signals will be converted to message units and output to
the KG-84C for encryption and transmission. Detailed requirements
for this output are given in Paragraph 3.5.20.3.2.1.
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3.5.20.3.2.1 Mode 4 Processor Functions.- The Mode &4 Processor shall perform
the following functions:

(a) Initiate Mode 4 transmission pulse trains in accordance with
3. 5! agl 3' 1.

(b) Separate received evaluated or nonevaluated Mode 4 signals from
received Mode 2, 3/f, and C signals.

() Convert Mcode 4 signals into message items for formatting in the
messages specified herein.

(d) Route DOD Mode 4 message items to the message formatter where they
shall be buffered and routed for encryption by the KG-84C

Interface Device.

(e) Route non-Mode 4 message items to the message formatter where they
shall be held, combined with the Mode 4 message items, and routed
for transmission to the SOCC through the KG-84C Interface Device

and modem. (See Figure 3-6).

The Mode 4 processor shall also have a self-test feature which provides an
alarm signal to the RMS in the event of failure of any of its functions.

2.5,20.3.2. 1.1 1sclated Mode 4 Qutput.- Mode 4 signals shall pe separated
from other reply signals and routed to the K1R-1B/C for decoding. Time
decoded signals from the KIR-1B/C shall be routed to the Mode 4 processor for

friend level determination.

3.5.20.3.2.1.2 Mode 4 Designator.- The Mode 4 designator shall perform the
necessary conversion and digitalization of Mode 4 video to message jitems and
route them to the message formatter, where the non-Mode 4 and the Mode 4
message items are formatted into DOD messages.

3.5.28.3.2.1.3 Mode 4 Synchronizer.- Mode 4 request messages from the SOCC
via the Interface Device and USAF modem shall be stored in the Mode 4

synchronizer memory.

The memory shall be capable of storing a total of 21 request messages which
shall be used in conjunction with the beacon antenna azimuth data to generate
Mocde 4 enabling gates for the requested azimuth sectors.

3.5.20.3.2.1.3.1 Not Used. -
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3.5.20.3.2.1.3.2 Not Used.-

N e e e e e e —————————

3- 5- 20- 3- 2: 1- 3-3 NOt USEdn-

e e ot —————————————

3.5.20.3.2.1.3.4 Not Used.- :

S e e e —————————————————
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3.5.20.3.2.2 Mode 4 Evaluation.- The evaluaticn of the Mode & reply signals
is a statistical procedure that searches for a sufficient number of valid
responses to a given number of Mode &4 challenges. This evaluation shall be
performed either in the separate electronic assembly, the BTP, or the Mode 4

Processor.

The Mode 4 reply signal evaluator shall achieve the following performance:

(a) The target identity shall be determined from Mocde 4 replies in
accordance with the established criteria for Enemy Acceptance (EA)
and Friend Rejection (FR) requirements in Appendix B, part I, to
this specificatiom.

(b) The criteria for EA and FR chall be met in a variety of signal
density environments. The correct number of statistical replies for
EA and FR shall be determined from an environment sampling procedure
having 3 sampling levels. The following level values shall be used:

Environment Level
Low 0 - 5,000 replies per second
Medium 5,000 - 15,000 replies per second
High 15,000 - 30,000 replies per second

The numerical values represent the total of all modes of target
replies. These numbers represent the total synchronized'and
nonsynchronized (fruit) replies and spoofs. For the purpose of
meeting the EA requirement, the specified Mode 4 target
enviromment shall consist of deceptive Mode 4 spoofer aircraft and
bonafide Mode 4 aircraft. The Mode &4 reply evaluation algorithm
shall take into consideration that scme aircraft may employ
spoofing techniques consisting of up to eight randomly distributed
guesses over each of the 16 possible Mode &4 range time delay
positions to enhance their probability of Friend Level
identification. In this situatiom, the deceptive Mode 4 spoofer
may appear as eight independent targets and will be counted
against the specified Mode 4 target environment. Under momentary
conditions of extremely severe target environments (in excess of
30,000 target replies per second within the reception volume), the
determination of the EA shall be given greater importance than FR.

The minimum acceptable Mode 4 evaluation capability uses a friend sequential
observer technique and three thresholds to evaluate each Mode &4 reply and
decide its identification level. 1If this technique is used for the ARSR-4
design, the interrogation rate shall be variable, tc meet the requirements of
Appendix B, Part I of this specification in the specified Fruit environment.
Several superior methods of target evaluator design have been developed.
These methods recognize the Mode 4 enviromment and autcmatically verify and
designate targets in accordance with the changing environments. One of these
superior methods may be used and is preferred.
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3.5.20.3.2.2.1 Mode 4 Friend Level Decision.- Each friend level decision
shall be in the form of two data bits, Dl and D2, for inclusion in the Mode 4
messages specified previously. Four different levels shall be indicated. Dl
alone represents possible friend, D2 alome represents near friend and Dl and
D2 together represent true friend. Neither Dl nor D2 represents null or no
decision. The thresholds for each friend level shall be selected to meet the
requirements of Appendix B, Part I, for the enviromnment specified in
3.5.20.3.2.2. Mode &4 in-line friend processing shall be invoked to resolve
four or less Mode 4 targets which have an alignment in range such that they
fall into the critical timeslots of other Mode 4 targets throughout the

azimuth runlength of the targets. -

3.5.20.3.2.2.2 Mode &4 Thresholding.- The variable thresholding for
determining the proper FRIEND identity can be a continuous function or the
three level step function specified previously. In either method, the
selection of the evaluation criteria shall be completed and automatically
accomplished through sampling techniques of the BTP. Any method that relies
on preset or manual selection for the criteria at either the ARSR-4 site or
the SOCC will not be considered acceptable. The duration of the evaluation
criteria shall continue only as long as the duration of the governing
environment exists. As the environment changes, the correct evaluation
criteria shall automatically change. The normal density of the target
environment will not be constant throughout a single scan of the ARSR-4
antenna, and succeeding scans may, or may not, duplicate the target densities
of the preceding scans. Therefore, the full range of evaluation criteria
shall be capable of adapting during a single scan, and re-adapting during
successive scans. :

3.5.20.3.2.3 KIR-1B/KIR-1C Functions.- The KIR-1B or KIR-1C will perform the
following operatiomns:

(a) Generate Mode 4 modulation pulses in response to Mode 4 challenge
directions received from either the SOCC or the LDC in accordance

with 3.5.20.3.1.
(b) Time-decode ‘Mode 4 replies.

Details on the operation and interfaces of the KIR-1B/KIR-1C are provided in
DOD AIMS 64-900D. The KIR-1B or KIR-1C will eventually replace the KIR-lA,
which will allow an electronic (rather than mechanical) rekeying capability
through the Interface Device and formatter.
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3.5.20.3.2.4 Formatter Mode 4 Functions.=- The formatter shall perform the
functions specified in the following 5ubparagraphs.

3.5.20.3.2.4.1 Gerneral.- The formatter shall provide:

(a) Recognition and routing of all Mode 4 request messages from the
SOCC as specified herein.

(b) Time of Year (TOY) clock time code to the GRRS/FIRRS. Interface
of TOY to GRRS/FIRRS shall be defined by the ARSR-4 contractor.

All encryption and decryption of message traffic to/from the SOCC will be
_accomplished by the interface device.

3.5.20.3.2.4.2 Detailed Requirements.- The formatter shall perform the
following functions in conjunction with the KIR-1B or KIR-1C:

{a) In the event of Mode 4 equipment or communication link failure,
generate a fault/status indication which is transmitted to the
SOCC prior to the completion of the next full radar scan, i.e.,

within 12 seconds.

(b provide the status of the EIE equipment housed in the security
containers to the SOCC as part of the status message sent to the

socc.
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3.5.20.4 Mode 4 Interface Function.- The Mark XII Mode 4 interface function
shall provide all of the internal and external interfaces for the Mark XII
Mode 4 function between the SOCC and the ATCBI-S or Mode S Beacon
Interrogator. Requirements for these interfaces are provided below. Ceontrol
of Mode 4 operation and receipt of Mode 4 information is accomplished at the
SOCC through transmission and reception of messages as specified in 3.5.13.
A1l data in the Mode 4 messages between the ARSR-4 and the SOCC will be
encrypted and decrypted by the KG-84C Interface Device. The Mode 4 interfaces
and subsystem and system interconnections presented by this specification are
functional. Variations in actual design will be acceptable if they meet the
performance requirements specified herein and are electrically and physically

compatible and interoperable with the EIE.

3.5.20.4.1 Interface Block Diagrams.- The simplified diagrams presented
herein identify the functions and basic interconnections between the Mode 4

and associated units of the ARSR-4. Figure 3-11 presents the elementary
interfaces for the Mode 4 Function with their descriptions following the
diagram. There has been no attempt to identify all of the operational
functions via this drawing, nor imply any particular design.
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(b)

(c)

(d)

(e)

(f)

(g)

(h)

(i)
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The interface between the ATCBI-S or Mode S Beacon Interrogator
and the BTP provides the challenge requests, mode selections, and
enabling signals from the BTP to the ATCBI-5 or Mode S, and also
the target video signals and timing triggers from the Beacon to

the BTP.

The interface between the BTP and the»Message Formatter is target
message information including the Mode 4 message information.

The interface between the Mode 4 Processor and the BTP provides
the operational control signals from the SOCC, from the LDC to the
BTP, and target video signals and timing triggers from the BTP to
the Mode 4 Processor. Both analog Mode 4 reply video signals and
Mode 4 time decoded video signals shall be available at this
interface for display on the LDC and be available at the

demarcation point.

The interface between the SOCC and the Mode 4 Processor (via the
Modem, Interface Device, and formatter) provides the requests for
operation from the SOCC which are passed along to the BTP with
"tap-off" signals for the Mode 4 Processor, as appropriate. ARlso
included is an alarm signal to the RMS to indicate when the LDC is

being used.

The interface between the LDC(s) and the Mode 4 Processor provides
the same controls for operation as are provided by the SOCC, but
for operation from the site of the ARSR-4. When the operation is
controlled by the LDC(s)i the controls from the SOCC are inhibited
at the Mode 4 Processori and an alarm signal is automatically sent
back to the SOCC as notification that the control of the ARSR-4 is
being conducted at the site and SOCC control is not available.

The interface of the Mode 4 Processor to the Message Formatter
provides timing triggers to the message formatter. It also
provides the Mode 4 data to the SOCC via the message formatter,

KG-84C Interface Device, and Modem.

The interface between the Message Formatter and the KG-84C
Interface Device provides all USAF messages for transmission to

the SOCC.

The interface between the Formatter and the Mode 4 processor
provides the Mode 4 request messages from the SOCC.

The interface between the ARSR-4 system and the EIE provides for
monitoring of the EIE alarm/status indications.
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3,5,20,5 Physical Location of the Mode 4 Suybassemblies.- The location of the
KIR-1B or KIR-1C requires special attention. The KIR-1B or KIR-1C shall be
physically protected (such as with locked mounting) against unauthorized
removal, but must be easily removable by authorized personnel. This assembly
is not serviced in the field, but is replaced as a standard maintenance
procedure. The KG-84Cs will be mounted in fixed plant adaptersi the adapters
shall be installed in security containers using mounting capabilities provided
by the contractor. The fixed plant adapters shall mount into standard 19 inch
racks and have a height of 8.75 inches.

{a) The KIR-1B or KIR-1C, the KG-84Cs, and the GRRS or FIRRS shall be
secured in NSA-approved security containers (Mosler or Hamilton,
Model #54-4@ for either company). The internal wiring needed to
interconnect the EIE shall be provided by the Government. The
contractor shall provide cables for interfacing the formatter with
the KIR-1B or KIR-1C and the KG-84Cs. The contractor shall
install and interface with sensors on the front and rear doors
which shall detect the opening of the doors. An alarm message
shall be generated when either or both of the security container
doors are opened. The ARSR-4 design shall provide for remoting
this container as much as 50 feet away from the rest of the ARSR-4

equipment.

(b) The contractor shall provide a switch panel physically located
within the security container having the functions specified in

Paragraph 3.5.20.3.

The security container shall house a switch function, accessible only to
authorized personnel, which enables/disables the output to the LDC of the
friend evaluation data bits, D! and D2, as specified in Paragraph
3.5.20.3.2.2. 1.

Provisions shall be made for mounting the KIR-iB or KIR-1C and the KG-84Cs in
the security containers to permit manual rekeying through their key-fill
connectors using KYX-15, KYK-13, or KOI-18 fill devices and with the vault

door open.

3.5.20.6 Mark XII Operating Controls.- R single control panel shall be
provided on the LDC and shall be designed to meet both FAR and Air Force

operating requirements. It shall be possible to use multiple paralleled LDCs
at the site of the ARSR-4 utilizing a single design of interface cabling.

3.5.20.7 Equipment and Cable Connectors.- The design of all of the Mode 4
hardware (including existing Mark XII equipments) shall be interconnected with
Military-Standard cables and connectors. They must mate with existing
equipment connectors, including having identical pin locations, to avoid a
need for modifying any of the existing hardware. Whenever practical, similar
connector types shall be used. The use of adapters to meet these requirements

shall not be acceptable.
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3.5.21 Remote Monitoring Subsystem (RMS) Interface.- The RMS of the ARSR-4
is part of a total site RMMS that will monitoT the overall facility. As such,
the radar RMS must interface with a site data concentrator (microprocessor

based) which accepts RMS data from all site equipment and concentrates it for
transmission to & remote monitoring processor. The concentrator (EIE) will be
transparent to the RMS. The concentrator jnterface requirements &are detailed

in NAS-MD-790, as modified in paragraph 3.5.15.8.8 of this document.

3.5.22 Modem Interface Regquirements.- The ARSR-4 shall be designed to
operate correctly and efficiently with the digital data communication
equipment without modification to that equipment OT its interface requirements
specified by FAA-E-2217, Parts 1 and 2. The applicable jnterface signal
characteristics are summarized in the following paragraphs.

The data shall be clocked out of the ARSR-4 by the leading edge of the clock
signals generated by independent modem transmitters. The output data shall be
valid within 4.5 Hsec after the clock’s leading (positive-going) edge. The
positive amplitude shall represent & logical "1" state.

Although the fregquency of the clocks will normally be 2400 Hz (FAA-E-2217,
Part 2, paragraph 2-3.3.3 and subparagraphs), the ARSR-4 shall be capable of
operating with any clock frequency from 2,400 to 56,000 Hz inclusive, applied
to any or all ARSR-4 output data ports. The modem clocks may be synchronous

or asynchronous and at different frequencies.

The electrical characteristics of the clock will be as specified in
FAA-E-2217, Part 2, paragraph 2-3.2.1.3. The ARSR-4 interface cables and
cerminations for these clocks shall be such that correct operation is
maintained with any combination of conditions permitted by this paragraph of
FAA-E-2217, including the 100 Q source impedance. Five of the 20 output data
ports shall have the electrical and mechanical (e.g.» 23 pin and 37 pin
connectors) characteristics of EIA-RS-232, EIA-RS-422, and EIA-RS-530. six of
the data ports, designated military ports, shall have the electrical and
mechanical (25 pin connector) characteristics of EIA-RS-530. The remaining
nine of the 20 data ports shall have the electrical and mechanical (25 pin

connector) characteristics of EIA-RS-232.
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3.5.25 Data Extraction Subsystem.- Each ARSR-4 shall include a data
extraction subsyster, capable of extracting data from the cperating system
in real-time, and recording that data for subsequent off-line reduction and
analysis. It shall be possible to initiate and operate the data extraction
subsystem either locally or remotely, SO that data extraction can extract data
without on—site personnel, then the data can be retrieved at a later time.

The extracted data shall be used as an off-line troubleshooting and analysis
toel. Data shall be extractable independently from each of the ARSR-4's
Central Pracessing Units (CPUs) or programmable contrallers which priocesses
variable data. The extracticn process shall be “fail-soft"i that is, the
pracess shall in no way encumber the capability of the remainder of the ARSR-
4, PAs real-time data processing demand on the ARSR-4 grows ta the peint where
insufficient memory and/or capacity is available for full processing,
appropriate irndication shall be provided in the extraction data, and the
extraction process shall be automatically reduced in extent. As demand on the
ARSR-4 diminishes, the axtracticon process shall resume automatically. The
data extraction functicon shall have the capability te extract all data in any
-ne of the individual categeries defined in 2.5.25.1, while at any load up to
1a2 percent of the capacity load defined in 3.4.1.8 and 3.4.2. The extraction
subsystam shall be capable of changing the particular set of data categories
extracted in real time, under the control of an operator. It is acceptable
for data to be callected in real-time under & generalized farmat and converted
-Ff-line to the formats specified. The Data Extraction Subsystem shall not

axtract classified data.

3.5.35.1 Data Categaries.- The categaories for data extraction shall include,
bt are rot limited €2, those described below. A complete list of categories
far data extraction shall be submitted to the government by the contractor for

approval.

(a) All digital I/0s and significant internal data points for the
receiver, clutter processing, target extraction, beacan/search

reinforcement, scan to scan correlation, formatter, and weather
station data functions. Significant internal data points include
range biry, azimuth, elevaticn ard other informaticn as necessary
ts verify the performance of both radar and beacon systems. I and
a0 data shall only be reccrded to the extent possible with site
recording equipment.

{b) All digital I/0s and significant internal data points for the
weather data subsysten, including the ground clutter suppression,
weather averaging and thresholding, and weather data reporting

functions.

(c) All digital I/0s and significant internal data points for the BTP.
(d) All digital 1/0s for EIE interfaces with the ARSR-4.
(e) RMS data, scan data, and system diagnostics data.
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Each bleck of extracted data shall contain only one category of data and shall
have at the start of the block a unique tag to identify the data category
withir. A minimum of 5@ percent of the possible category types shall be left
unused by the contractor for future use.

The categeories to be extracted shall be selectable. The operator shall have
the option of deleting or adding category types after extraction has started
without affecting the ones in progress.

It shall be possible to prioritize categories in order to extract preferred
data during pericds of heavy data load when system limits may cause some data
ts be lost. There shall be at least four levels of priority. When the
covdition exists that all desired data cannot be extracted and recorded, the
lawer priorities shall not be extracted. When the overload conditions clear,
the extraction of lower priority data shall automatically be resumed.

The conditions of extracticon shall be reported as a header for each category.
The header data shall be repeated at selectable intervals from 1 to 6@ minutes

or when the extraction conditions change.

The contractar shall provide, as a minimum, a complete listing of the various
extraction messages, their formats, and proposed data reduction processing.
Each type of extraction message shall be identifiable by a unique message
code, to facilitate off-line data analysis.

3.5.25.2 Data Reduction.- Data reduction software shall be provided to
pracess the extracted data. It shall be compatible with on-site Quick-Look
monitor, on-site printer, and on-site recording equipment and also with use at
the ARSR-4 PSF. This software shall provide at least the following functions.

3.5.85.2.1 Quick-Loock Data Processing.- Provide at each ARSR-4 site the
capability to filter the recorded data for viewing or printing via keyboard
commands. As a minimum, category type, scan number, time, beacon code, range
cell, azimuth, and altitude shall be included as filter parameters. It shall
Se possible to group two or nore filter parameters using "and", "or", and "if"
logic furctions to determine which data is viewed and/or printed. There shall
te the capability of having multiple filter expressions, each being
independent and producing a particular type of data output.

The data output shall be in a form which is easily understandable. It shall
be labeled with respect to type and units of the data. The labels shall be
present at least once per page and viewing screen and be composed of text,
abbreviations, or acronyms.
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3.5.25.2.2 Extended Data Processing.- In addition to the "quick-look" data
reduction software, the contractor shall provide extended data processing
programs which will be used solely at the ARSR-4 PSF. The extended data
processing shall include all capabilities specified in 3.5.25.2.1, plus the
analysis of ARSR-4 system hardware and software, including all messages.
System hardware analyses shall include the capability to determine ARSR-4
range and azimuth resolution from data in beacon and search range and azimuth
cells. - The ARSR-4 PSF shall have the capability to plot all data provided as
a result of the extended analysis. Data shall be plotted with a minimum dot
resolution of 1K by 1IK, and the hard copy of the plots shall be at least 1l

inches by 17 inches.

3.5.25.3 Extraction Eguipment.- All hardware and software shall be supplied
to record the extracted data and to support the on-site use of data retrieval
and quick look analysis data reduction software. The extraction equipment may
be a subassembly of the LDC, sharing the LDC keyboard, displays, and printer.
The data extraction assembly shall be programmable to record predetermined
data samples at selected times and intervals.

If design requirements warrant a stand alone data extraction and analysis
assembly, it shall be a general purpose computer conforming to IEEE-796 and
shall have the speed and capability to perform the required tasks. It shall
have keyboard entry, display, and printing capabilities.

" Additionally, a data recording assembly shall be provided and have sufficient
storage capability and recording speed to be compatible with the requirements
stated in 3.5.16, 3.5.25, and 3.10. This assembly shall have sufficient
recording capacity such that target data recorded through the data extraction
subsystem for a minimum of two hours of all target data sent to the formatter
can be stored on a single unit of magnetic media. The magnetic storage media
used to record the extracted data shall be easily transportable.

3.5.26 ARSR~4 Start-Up.-
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3.5.26.1 Definition and Purpose.- ARSR-4 start-up is defined as the activity
required to bring the ARSR-4 into normal operation after a period of
nonoperational status. This function shall provide the capability to bring
the ARSR-4 into normal operational "on-line" condition after a period of
nonoperational status or equipment configuration change. The function shall
be activated by input command from any of the following control units and be

performed in an automatic sequence.

(a) ARSR-4 automatic restart (after operational pause) upon command of~

either the ARSR-4 error recovery or performance monitoring
functions (restart after replacement of failed units with standby
units or after interruption/restoration of power).

(b) RMMS commands generated at the MPS.
(c) Local commands generated by on-site personnel.

3.5.26.2 Initalization of System.- Bringing the ARSR-4 system up from a
nonoperational status shall include time of year clock synchronization and
site operational program loading. Without any data modifications, the ARSR-4,
excluding the LDC, shall come to its full operational configuration within one

hundred eighty (180) seconds.

3.5.26.3 System Recovery.- The ARSR-4 shall meet the requirements of 3.6 in
the event of partial or complete loss of line voltages.

3.5.26.4 Computer Software Loading.- Operational computer program software
loading, excluding the operating system, shall be from EEPROMs into RAM for
ARSR-4 operation. The ARSR-4 shall also have the capability to load the
master software into EEPROMs from transportable mass storage media, in
addition to any other program installation technique provided by the

contractor.

3.5.27 Site Operational Software.- The contractor shall provide all software
required for the operation of the ARSR-4 in accordance with the terms of this
specification. The operational software shall provide the capability to adapt
each site to local conditions and site specific operational requirements.
Selection of adaptation parameters shall be based upon the requirements listed
in this specification. These parameters shall include, but not be limited to,

the major type categories listed below.

(a) Operating parameters of associated site equipment interconnecting
to the ARSR-4.

(b) ARSR-4 system calibration data.

(c) Geographical data (e.g., site specific radar coverage data, map
parameters, and site elevation).
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(d) ARSR-4 RMS calibracion performance monitor parameteTs (e.g., alarm
decision tables, RMM data reporting criteria.)

(e) ARSR-4 operatiomal parametérs to be used.
(£) Control of ARSR-4 logical functional units.

(g) Other ARSR-4 func;ioﬁal parameter values that may be affected by
special conditions occurring at a particular site and, hence,
requiring other than the normal parametar values.

The design of the software shall allow site adaptation parameters to be
entered intoc ARSR-4 nonvolatile memory in two ways, from a manual keyboard and
from transportable mass storage media. Each entry shall occupy only one
memory locaticn. Entry of site adaptation data shall be performed with
minimum ARSR-4 downtime (only the time required to lcad the mew program data).

3.5.27.1 ARSR-4 Site/Field Adfustable Paramecers.- Tha operaticnal

software shall provide for the entry or change of .parameters identified as
either site adjustable or field adjustable in this specification with no
downtima. Field adjustable parameters shall be entered or changed from either
remotely located cousoles through thd RMMS or from the site using the LDC and
the portable terminal (EIE). The control of the site adjustable parameters
shall only be performed at each ARSR-4 site. The following capabilities shall
be available for use by on-site maintenance personnel.

(a) Installation of the master functiomal program from a transportable
mass storage media into ARSR-4 ronvolatile memory.

(b) Installation of the ARSR-4 site/field adjustable parameters into
nonvolarile memory. These parameters shall be entered manually or
from transportable mass storage media at the site.

(e) Stc.ing the ARSR-4 system operational program in RAM that has
access to the ARSR-4 site adjustable, field adjustable, and site
adaptation parameters stored in nonvolatile memory.

(d) Salaction of any of the ARSR-4 site adjustable parameters by on-
site maintenance perscnnel for either temporary oT permanent
changes. ‘ i
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3.6 Primary Pcwer Bequirements.- The equipment shall normally operate Ircm a
line. The design

rcial prime pcwer source of chree phase, Icur wire AC,
r voltages shall te 60 Hz, 208 V, phase-zo-Phase and 120 V phase-to-Neutral

nc
The total harmonic cencent of

ch a maximum voltage range allowance * 15 percenc.
the input current caused by the system/equipmernc and fed back onto an AC supply
svstem shall not exceed six percent of che fundamencal (60) Hz), and no single
rarmonic shall be greater chan chree and one-half percent of the fundamenczl. In
case of failure of the prime pcower source, pcwer from an auxiliary engine-
generator source (not a part of this specification) will be automatically
connected to furnish power tO che equipment wichin 15 seconds. Pricr to switching
to auxiliary power, the remnancs of commercial power (e.g., CWO phases remain
cennectad and one phase is lost) nermally remain connected to the radar system.
The ARSR-4 shall be designed in such a manner so that the remnants of commercial
power not damage the equipment or in any way affect the capability of the ARSR-4
ro recover fecllowing rescoracion of primary power. Prime power requiremencs cf the
ARSR-4, which includes all items provided by the contractor, shall ke limiced co
€5 KVA. Beacon equipment (ATCBI-S or Mode S) shall be excluded from the locad

calculaticn

£ 0
¥y 00

3.6.1 brevention of Data Loss .- The concractor shall provide the means for
maintaining any critical dara necessary to restore che system toO normal operation
within 100 msec following restaoration of power when primary power failure occurs
for greater than 20 msec, puc equal to or less than 15 seconds. The antenna may
take up to 10 seconds tc return tO normal operacion (e.g. 12 second scan race)
afcer a momentary, less than 15 seconds,'power outage. The cransmicter may take up
to 3 seccnds to recurn to normal operation (e.g. RF up) after a momentcary., less
than 15 seconds, power cutage. The restoration of normal operation shall be
automacic. All operational programs, fixed and dynamic map(s). field and site
adjuscable/seleccable parametcer setcings shall be preserved. Data in the scan to
scan correlation function shall be preserved and track concinuicy maincained.

cified in Table IV of FAA-GZ100,

ower variations outside the voltage range spe
The transmiccer is noc

ollowing modifies paragraph 2.3.4.1 of FAA-G-2100.
aquired tc radiace; however, ugon re-application of normal line vcltage, the
-ansmiccar will resume full normal operation. Addircionally, the radar system will
asume normal operation without loss of critical radar timing, APG data.

a

m
o)
(3]

BRI |
53
(]

o

range/azimuch gating daca, operaticnal programs. fixed or dynamic map(s). and

field and sice adjustable/selec:able parameter sectings.

For power incerruptions in excess of 15 seconds, the ARSR-4 syscem cperacion snall
Fixed

pe aucomatically restored wichin three minuctes after power is restored.
map(s) and field and sice adjuscable/seleczable parameter sectings snall be

preserved.

1 Power Variacions.- The ARSR-4 and all supporting eguipment shall meet all
ional and perfcrmance requirsments, and shall not output any such false qata
cendicions lisced in Table LI of FAA-G-

()Y

L1
unceci

-ing operation under tne environmental

100. The following items amend Table II of FAA-G-2100.

N L th |
e .

a) Over slowly varying AC line voltage witchin specified
e o 5.0 V/sec or less.

(b) Over slcwly varying AC line freguency wichin specified limics, changing &
race of 1.0 Hz/sec or less. .
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{c) The ARSR-4 equipment ghall operate correctly with na shutdown in
the presence of partial or ccmplete loss of the line voltage(s)
for up to 2@ msec at a time.

(d) Nz damage shall cccur to the ARSR-4 due to partial or complete
loss of line vizltage.

3.6.1.2 Transient Protectican. = The contractor shall provide transient
protection for ARSR-4 power supplies and their loads, without resorting to
power conditioning equipment. Transient protection shall be sufficient to
deal with transients from either commercially generated power or from on—site
emergency generated power. The type of transient protection used shall
consist of, but ot be limited to: voltage transient protection on input power
linesi in-rush limiting circuits in pawer supplies to prevent damage to
rectifiers during turn-oni and soft restarts that allow power supply loads to
be turned o in sequence during the start-up cycle specified in 3.5.26.

In addition to transient protectian, power supply reliability shall be
increased by conforming to the guidelines established in NAVMAT P4853-1.
Reliability =f paower supply loads shall be increased by automatically
isclating sersitive circuits from detected power line ancmalies. Ancmalies
such as ground 109pS in the loads shall be antomatically detected and isolated

to improve persannel safety.

3.6.1. 3 Power Consumption. — The corntractor shall provide the Gavernment with
" information as to the normal aperating and peak power loads of the ARSR-4.
Data furnished shall describe the follaowing conditions:

(a) Normal operationi i.e., &4 hours & day, unattended.

(b Attended/maintenance operation? all equipment in maintenance mode,
worst case combination of day/night and summer/winter conditions.

Power consumpticon data shall be furnished for each assembly or cabinet of the
ARSR-4&4 (transmitter, anterma, receiver, processovr, RMS, etc.) for the above
conditions. The contractor shall design the ARSR-4 in crder to minimize power
cromsumpt iom during all lmad conditions, particularly under the normal
cperating load conditionms.

2.6.1.4 TInput AC Lire Contrals.- Except as otherwise permitted gach ARSR-4
subsystem shall have its awn power supplies and associated contraols for the
input AC power lires. In addition, A& master power contral for each ARSR-4
cabinet Canternna ard Transmit/Receive (TR) subsysteml and an ARSR-4 main power
cantral shall be pravided. A1l cerntrels shall meet the requirements of FRA-G—
2102 paragraph 3.3.2.1. The power on-off controls for each subsystem shall be
circuit breakers meeting the requirements in 3.3.2.1.5 of FAR-G-2100. Fuses
shall not be allowed as protective devices for any subsysten. A tripped oY
marnually turned-off breaker on any subsystemn shall initiate a conspicuous
display of that condition. 1t shall not be possible for a subsystem to be
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without power, without an indication of that condition appearing on a status
and alarm panel, and initiating an alarm.

3.7 Data Processcr Architecture.- The data processor subsystem shall be
composed of several microprocessors tied to a multiple bus. The contractor
shall design the ARSR-4 hardware and software in the target processing
subsystem so that an architecture of prime shadowing of multiple
micropraocessors is employed. If a microprocesssr or several microprocessors
in this subsystem fail for more than 198 msec, the other microprocessors shall
automatically, and without a loss of data, assume the tasks of the failed
microprocessor(s). Additionally, this data processor subsystem shall monisor
the RMS processing and shall assume the role of the RMS processor in the event
of a RMS microprocessor failure.

2.8 Physical and Electrical Characteristics.- The requirements specified in
subparagraphs hereunder apply on all items in the contract unless otherwise
rneted, and are in addition to specific equipment requirements contained herein
or in other referenced specifications.

3.8,1 Packaging and Construction.~ The basic packaging concept of the
equipment shall be plug-in LRUs mounted in standard cabinets (3.8.1.4), to the
extent practicable. The structural strength and rigidity of equipment
assemblies and cabinets shall be such that normal handling in loading,
shipping,; unloading, and setting into position for installation shall not
damage the equipment. At least 20 percent of the front panel of each
equipment cabinet, together with the interior cabiret space behind it, shall
be left unused. Blank parels shall be furnished and installed for any unused
space. The weight of each module, LRU, and printed circuit beoard/card shall
riot exceed 33 pounds, unless otherwise approved by the Goverrment, as
specified in MIL-STD-147Z.

3.8.1.1 Use of Existing Towers.—~ The ARSR-4 shall be of such size, weight,
arnd cubic dimensions as to permit installation and operation, together with
the GFE beacon anternas, on existing towers and in CFE radcmes. Any
modification to the existing towers required to install the radsmes shall be
provided by the Government.

2.8.1.2 Modules.- All equipment designs shall use modular construction with
the riumber of unique modules kept to a minimum. Plug-in modules shall be
starndardized to permit interchangeability of like modules without alignment or
adjustment. All modules shall be keyed to prevent incorrect installation.
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3,8.1.2.1 Modular Concept. - The configuraticn of the modular assemblies
shall be oné of the following:

(a) gtandard rack mounting glide—out drawers or chassis. Drawer
slides shall be heavy-duty 1ocking type to permit locking the
drawer or chassis in either the normal {closed) or extended

position. LRUs shall be mounted vertically in the

drawers/chassis.

{b) gtandard rack mount ingd assemblies with shelf mount ed LRUs that
plug into a front panel/chassis assembly. LRUs shall pe mounted

vertically.

(c) gtandard rack mount ing assemblies with gwing-out ahelves or card
cages with vertical or horizontal hinges. LRUs shall be mounted
vertically with the equipment in its normal operating

:onfiguration.

§;§-1-3-2 plug-in LRUs. = plug-in LRUs shall be designed for mounting in card |

bins or module bins. Plug-in LRUs ghall have & metal chassis or other
suitable fFramework 0 provide 2 golid part mount ing gtructure, with adequate
protection for printed wiring and small parts when inserting, removingy ©r
during nandling of LRUs after removal from the equipment. a1l plug-in LRUs
shall be capable of casual removal and insertion with power ON and without

damage to any circuitry.

§L§.1.2.2.1 LRU Removal and Insertion pamage.—- ALl equipment shall be
designed to enable the casual removal and insertion of LRUs without causing or

inducing damage to any equipment external to the LRU.

3.8.1.2.2.2 Induced Transients. < A means shall be provided to enable the
removal or insertion of all LRUs, while on—line, without generating any logic
or electronic disturbance that may affect the on-line system operation.
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3.8.1.2.3 LRU Card Extenders.- For each ARSR-4 provided, a LRU card
"extender" shall be supplied for each type of LRU. An extender consists of a
printed circuit board (not keyed in order to permit insertion into any
connector) with printed circuitry and coaxial leads. This extender shall
extend all input points across the LRY to a receptacle on the copposite end.
The removed assembly can then be plugged into the opposite end of the
exterder. The extender thus provides an accessible active operating position
for any assembly normally inaccessible for maintenance and test while within
the bin. Pravisions shall be included to prevent an LRU from being improperly
oriented (for example, a printed circuit card reversed) when the extender is
in use. No permanent degradation of system, subsystem, or LRU performance
shall result from proper use of the extenders. The contractor shall identify
to the Baverrment any LRU, such as high speed digital circuits, that will nct
perform properly while on extenders.

3.8.1.2.4 Ncounting.- Plug-in LRUs shall be mounted side-by-side, bookcase
stvle, in an assembly, and shall be equipped with chassis guide strips or
rails (or both) and mating comnectors, as are necessary to ensure positive
alignment of the LRU connector with its mating receptacle. GQuick acting
fasterers shall securely lock front-panel type piug—-in LRUs in their operating
prsition. A maximum withdrawal force of less than ten pounds shall be

reqiired to remove any LRU.

3.8.1.2.5 Cennectors.- The connectors® receptacles shall contain a
nmiarizing key. The key location shall be different for each unique
configuration of LRU. All assemblies of the same type shall have the same
polarizing uey location to ensure the proper type of LRU is inserted. The
keyirg method shall rot reduce the number of connector pins. Mating e
cervectors shall be desigred for repeated use with the LRUs to ensure iong-
term raliabie performance and with suitable mountings to permit casual
insertion without jamming or otherwise damaging the cormector units.

3.8.1.2.6 Interlocks.- Each LRU shall be provided with one or more
intericcks which remaves all voltages of 15@ V or higher upon the opening of
tha LRU far maintenance or adjustuent of intermal cantrols. The interlocks
shall have A mannal bypass which can be activated to prevent interruption of
these voltages when the LRU is opened. The interlocks shall meet the
requiresents of paragraph 3.3.7.1.€ of FRA-G-21¢e.

2.8.1.3 Design and Constructicn.- The ARSR-4 shall be designed and
sanstructed to comply with the electrical and mechanical design regquirements
sgecified in the faollowing subparagraphs. All LRUs of a given type shall be
icentical and intarchangeable.

3.8.1.2.1 Corrnsion Conktral.- Corrosion control shall comply with the

e La e

requiremants of MIL-STD-1&50.
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3.8.1.3.2 Materials and Finishes.- The requirements of FAA-G-2100,
paragraphs 3.6 and 3.7.6 govern the selection of materials and finishes with
the exception that chemical film treatment of the surfaces of aluminum and
aluminum alloy (except castings) shall be equivalent to Class IA or Class 3 of
MIL-C-5541 or clear anodizing. Departures from any of the aforementioned

requirements requires Government approval.

3.8.1.3.3 Eguipment Surfaces Painting.- All ARSR-4 equipment surfaces shall
be treated and painted in accordance with FAA-STD-012, unless performance
requirements herein or evironmental regulations can not be achieved with the
surface treatment of FAA-STD-012. Then specific written approval shall be
obtained from the Government waiving this painting requirement. The color
selection of the equipment surfaces in and on the tower and radome shall be
selected by the contractor and approved by the Government. The color of the
radome shall meet the requirements of 3.5.1.2.1.6. The color of the equipment
inside the ARSR-4 equipment room shall meet the requirements of 3.8.1.3.2.
Departures from any of the aforementioned requirements requires Government

approval.

3.8.1.4 Cabinet Design.- Equipment cabinets shall be of uniform size, not to
exceed 80 inches in height and 30 inches in depth and 36 inches in width. All
cabinets shall be of high quality, sturdy construction, accurately and
carefully fabricated, and with facilities for leveling (or shimming) and
fastening to the floor. Ventilation air shall enter near the bottom and exit
from the cabinet top, with the air exit screened or otherwise protected to
prevent small objects from falling into the cabinet. This exit shall be
suitable for connection to a duct for venting. Cables may be routed directly
through the interconnecting walls by means of appropriate feed-throughs and/or
connectors. Access to the cabinet interior for normal maintenance shall be
from the front only, with full width latching access doors extending from near
the top of the cabinet down to the air inlet. Rear access is permitted only
for the purpose of installation, replacement, OT repair of interconnecting
cables or wires. Access doors shall be mounted by slip-pin hinges so that the
doors may be easily removed. The hinges shall be adjustable and secured to
the cabinets by means of screws and nuts and bolts. All cable and waveguide
shall enter the cabinets near the top. Panels, chassis and LRU bins shall be
adequately supported within the cabinets and be of a size and weight that
shall permit removal and replacement by one technician. Convenience outlets
(as per paragraph 3.3.2.1.7 of FAA-G-2100) shall be provided on the lower

front of each cabinet.
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3.8.1.4.1 Overheat Warning Devices.- As a minimum, each cabinet shall be
provided with a temperature Sensor located just inside the air exhaust outlet.
Sensing of a temperature rise in excess of the design limit shall be indicated
by a warning light conspicuously Jocated on the cabinet, as well as by a
subsystem fault light. Additional temperature sensors and air flow switches
shall be provided as necessary to protect the subsystem from damage. The

cabinet overtemperature indication shall be fed to the RMS.

3.8.1.4.2 Cabinet Illumination.- Shielded lights for general illumination of
the cabinet interiors shall be provided. These lights shall be turned on by
opening of the cabinet access door and turned off by closing the door. With
the door open, manual control of the lights shall also be possible. If
meters, controls, test points, etc., are visible or accessible with the access
doors closed, additional lighting shall be provided as is required to make
them readily visible with the room lights turned off. Manual control of these

lights shall be provided.

3.8.1.4.3 Front Panel Connectors and Cables.- Front panel connectors and
cables shall be limited to those required for testing.

3.8.1.4.4 Shorting Rods.- Adequately insulated shorting rods with a
connecting grounding strap permanently affixed to good cabinet grounds shall
be provided and installed on hooks inside the doors of all cabinets which
contain voltages (other than primary AC power) in excess of 150 V to enable
maintenance personnel to ground all points which are potentially hazardous
before performing equipment maintenance. Caution plates shall be installed in
appropriate locations to remind maintenance personnel to utilize the shorting
rods before performing any maintenance on the equipment.

3.8.1.4.5 Large Units.- 1f applicable, large units may be mounted on 2
horizontal chassis, mounted horizontally at floor level such that fasteners,
terminals, and associated wiring for such units are easily accessible for
maintenance testing and repair through the front access door without requiring

removal of the chassis.

3.8.1.4.6 Indicator Lights.- The contractor shall provide indicator lights
in accordance with MIL-STD-1472 at the LDC and at the cabinets associated with
each ARSR-4 function to indicate the status of each selectable function, the
redundant units that are in use, and the units that are in a failed state.
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3.8.1.5 Ventilation, Heating, and Cooling Equipment.- All blowers, vents,
and other anvironmental controlling equipment necessary for the operation of
the equipment over the range of the service conditions shall be provided by
rhe contractor. The ARSR-4 equipment shall not be dependent on building/room
air conditioning which may or may not exist. Each cabinet, including radar
transmitter cabinets that may be located in the equipment room, shall contain
its own blower subsystem. The contractor shall conduct 2 study of the ARSR-4
ventilation, heating and cooling needs which meets the requirements of 3.4.6
herein and FAA-G-2100, and submit & proposed list of requirements, on a site
by site basis, for Government approval. Outside air, if used, shall be
filtered (e:8-» protective devices for ducts/vents such as louvers OT screens
or both) to prevent water, insects, and other contaminants from entering the
ductwork and building. The equipment shall not overheat, develop hot spots,
or become unstable in operation with access doors of any or all cabinets open

or closed for up to 8 hours.

3,8.1.5.1 Ventilation Blowers.= All primary cabinet blowers shall be three

phase, continuous duty type:- Auxiliary blower motors as, for example, might

be employed for moving air directly through the heat sink of a power supplys

may be single phase provided, however, that they do not exceed 0.1 horsepower
in capacity. All blower motors shall be equipped with sealed, permanently

lubricated bearings-

3.8.1.5.2 Air Filters.- Disposable air filters shall be used and shall be in
accordance with paragraph 3.3.3.5.1 of FAA-G-2100. The air filters shall be
removable from the outside (exterior) of the equipment cabinets without the
necessity of opening access doors or moving any other equipment cabinets.

3.8.1.6 Not Used.-

3.8.1.0 2= ——

3.8.1.7 Safety.- System equipments shall be designed and constructed so that
the potential for personal injury during installation, operation, and
maintenance is minimized. The provisions of FAA-G-2100, paragraph 3.3.7

apply-
Control of modular construction shall be such that operator/maintenance

personnel cannot induce failure of the equipment. Malfunctions in the
equipment shall not induce any other failure into any CFE or EIE.

3.8.1.7.1 Electromagnetic Radiation (EMR).- Electromagnetic radiation shall
not exceed the permissible exposure limits specified in FAA-Order 3910.3.
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3.8.1.8 Human Performance/Buman Engineering.- The systems' equipment design
shall conform to human engineering design criteria and principles to achieve
safe, reliable, and effective performance by operator and maintenance
personnel and to minimize personnel skill requirements and training time. The
human engineering shall be in accordance with MIL-H-46855.

Noise levels limits shall be as specified in paragraph 3.3.1.3.2 of FAA-G-2100
with the values of Table I, FAA-G-2100, modified as follows:

NOISE LEVEL LIMITS

Frequency Bands (Hz) Noise Limits (dB

20-150 89
150-300 82
300-600 76
600-1200 73
1200-2400 70
2400-4800 68
4800-20000 66

The noise level limits shall apply to the simultaneous operation of all
equipment, including the I/O devices.

3.8.1.8.1 Access for Maintenance.- All ARSR-4 equipments shall be configured
so as to provide ready access for replacement at the LRU level. The
accessibility requirements of FAA-G-2100 shall be met.

3.8.1.9 Workmanship.- Workmanship shall comply with the requirements;bf MIL-
STD-454, Requirement 9.

3.8.1.10 Interchangeability.- Interchangeability shall be governed by the
provisions of MIL-STD-454, Requirement 7.

3.8.1.11 Nameplates and Product Marking.- Nameplates and product marking
shall be in accordance with FAA-G-2100. Each major chassis shall have a name
plate and be located in such a manner as to meet Government approval.

3.8.1.12 Test Points.- Test points and facilities for connecting test
equipment shall be provided for determining the performance quality of the
Test points shall be in accordance with FAA-G-2100, paragraph

equipment.
3.3.2.4.

The contractor shall standardize all LRU, unit, and circuit card assembly
designs to conform with MIL-STD-2076(AS) requirements. For the purpose of
this specification, the term "weapon replaceable assembly" used in MIL-STD-

2076(AS) is equivalent to an LRU.
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3.8.1.13 Wire Identification.- Wire color coding shall conform to FAA-G-
2100, paragraph 3.5.5.25.11, except color coding is mnot required for wires

used in backplane wiring.

3.8.1.14 Printed Circuit Cards.- Printed wiring circuit cards are boards
utilizing printed wiring techniques and containing positions to plug-in or
solder-in integrated circuits or discrete units. Printed wiring circuit card
assemblies shall be considered the same as printed wiring boards, printed
circuit cards, circuit card assemblies, and printed wiring assemblies. Single
sided, double sided, and multilayer printed circuit cards shall conform to the
requirements of FAA-G-2100, paragraph 3.5.5.15, unless technical justification
is provided to the Government for approval via contract letter. Screwdriver
adjustments required for alignment shall be held to a minimum; however, when
required, such adjustments shall be made on the printed circuit card. All
printed circuit cards shall use a common position on the connectors for the
power supply and ground leads. Printed circuit cards using wire wrap pins
shall have a pin guard/stiffener around at least three sides. All printed
circuit‘cards equipped with integrated circuit sockets and larger than 5 by 7
inches shall have a stiffener around at least three sides. Any departure from
this requirement calls for technical justification for Government approval via
contract letter. The maximum size of any printed circuit card shall be 12.0
by 16.0 inches except where ARSR-4 performance would be degraded by use of
this size card. The contractor shall provide technical support data
describing the adverse impact of using the 12.0 by 16.0 inch card with a
request for the use of a larger card. Regardless of the larger printed
circuit card size, the printed circuit card shall still be compatible with the
automatic test equipment provided with the ARSR-4.

Conformal coating of circuit cards shall not be used in the ARSR-4 design.
Some of the documents invoked through this specification for circuit cards are
predicated on the use of conformal coating. The requirements of those
documents shall still apply to the ARSR-4 design, except that the conformal
coating shall not be applied. The minimum spacing requirements between
conductors, conductor patterns, and conductive materials (such as conductive
markings or mounting hardware) of MIL-STD-275 and MIL-P-28809 shall be

modified as follows:

Voltage Between Conductors Minimum Spacing
0 to 10 volts, DC or AC peak 0.015 inch
11 to 75 volts, DC or AC peak 0.020 inch
76 to 150 volts, DC or AC peak 0.025 inch
151 to 300 volts, DC or AC peak 0.050 inch
301 to 500 volts, DC or AC peak 0.100 inch
Greater than 500 volts, DC or AC peak 0.0002 inch/volt
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Rework, repair, and/or modification of any printed wiring circuit card
assembly shall be permitted only with specific written authorization of the
ARSR-4 contracting officer. Rework, repair, and/or modification of circuit
card assemblies shall be in accordance with the requirements of MIL-P-28809
with the exception that the combined total number of jumper wires, including
the design, rework, repairs, and/or modifications, shall not exceed a maximum
of three. Any departure from this requirement calls for technical
justification for Government approval via contract letter. The contractor
shall provide all required changes to the technical and provisioning
documentation, test and diagnostic support tools, adapters, provisioning, and
logistics data that are needed as a result of any board modifications. All:
rework, repair, or modification of circuit card assemblies shall not degrade
any of the performance requirements specified in 3.4.3, 3.4.4, and

MIL-STD-275.

Any circuit card assembly with modifications and/or repairs used in the ARSR-4
prior to Government acceptance of system 15, shall be replaced by the
contractor with a new circuit card assembly incorporating all changes
(including the deletion of all jumper wires) to the conductor pattern, drilled
features, or other characteristics. System 16 and subsequent systems
delivered to the field site shall have the new circuit cards incorporated
before delivery. The first 15 articles delivered shall be retrofitted by the
contractor with new circuit cards. All spares inventory shall be updated by
the contractor with the new circuit cards. .

3.8.1.14.1 Circuit Card Assemblies.- Circuit card assemblies are printed
circuit cards populated by discrete units or integrated circuits. Circuit
card assemblies used for digital logic integrated circuits shall incorporate
dual-in-line packages. The jndividual integrated circuits (including PROMs,
microprocessors, etc.) shall be able to be removed intact and replaced by
average technical field personnel in less than 90 seconds using common tools
or special tools provided with the ARSR-4. A minimum of ten removal and
replacement cycles at a given integrated circuit location shall be able to be
performed in this manner at up to ten integrated circuit locations on up to 30
circuit card assemblies without causing failure of the circuit card assembly
or a degradation of the ARSR-4's reliability below the requirements of 3.4.3

herein.

Circuit card assemblies containing discrete semiconductors, linear integrated
circuits and their supporting units shall be able to have their active devices
removed and replaced in accordance with these same requirements, except that
the removal-replacement time is changed to less than five minutes.

All circuit card assemblies shall be able to be tested with Automatic Test

Equipment (ATE) and repaired when any unit thereon fails, for the full service
1ife of the ARSR-4 in its normal operating and maintenance environment.
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The minimum number of circuit card assembly types, necessary to implement the
requirements of this specification, shall be utilized. All circuit card
assemblies shall be able to be inserted and removed with power applied to the
circuit card assembly without causing oscillations or damage to any units and
without requiring removal and reapplication of power to re-initialize the
operation. Power supply shut-off prior to circuit card assembly removal and
reinsertion shall be permitted in those areas where automatic redundancy
exists and where power shut-off does not affect ARSR-4 operation.

3.8.1.14.2 Unit Mounting.- All semiconductor and integrated circuit units
shall be mounted as specified in FAA-G-2100 unless other mounting techniques
(e.g. sockets) are necessary to meet other requirements herein. In the event
that such deviation is necessary, the contractor shall obtain the approval of
the Contracting Officer by submitting the appropriate technical justification,
including the changes, if any, to the calculated reliability and service life
of the equipment. All electronic parts shall be attached such that each part
is amenable to removal and replacement without damage to the circuit card

assembly.

3.8.1.14.3 Circuit Card Assembly Modification.- To enhance the ability of the
circuit card assemblies in the ARSR-4 and its supporting equipment to meet
future requirements, all circuit card assemblies shall be able to be easily
modified to alter their original functions, logic operations, or unit
interconnections. In order to provide the required alterability, circuit card
assemblies consisting entirely of integrated circuits and their necessary
passive supporting units such as capacitors, diodes, etc., shall use discrete
point-to-point wiring on the opposite side of the circuit card assembly from
the integrated circuit chips, unless the contractor has received specific
written approval from the Contracting Officer for deviations from this
requirement. Approval will be granted only upon technical justification to
the Government that the required ability to alter the circuit card circuitry
or functions can be accomplished by means satisfactory to the Government (e.g.
reprogramming of microprocessors), or that a specific board is a standard type
already in existence (e.g., industry microprocessor bus standards for RMM use
or processors previously designed for other FAA equipment). Multilayer
printed wiring or similar techniques which produce inaccessible unit
interconnections may be used for this type of circuit card assembly only with
specific approval of the Government.

All other types of circuit card assemblies, including all assemblies that
provide interface signals to or from equipment external to the ARSR-4 or its
supporting equipment, shall utilize discrete point-to-point wiring.
Alternatively, printed wiring techniques in which all interunit comnnections
are accessible may be used for these circuit card assemblies. Both sides of
the board may be used for such printed wiring, provided that the accessibility

requirement is met.
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Wrapped circuit connections meeting the requirements of 3.8.1.14.5 or multi-
layer soldered wiring may be used as discrete point-to-point wiring.
Regardless of which of these two approaches is chosen; its strength,
reliability, wear resistance, and modification characteristics shall be
satisfactorily demonstrated Lo, and approved by, the Government before it is

used in production equipment.

3.8.1.14.4 Printed Circuit Card Baseboard.- Printed circuit cards shall be
sufficiently rigid to prevent damage to any conductive patterns during
manufacture and subsequent handling and, if integrated circuit sockets are
used, to prevent integrated circuits from loosening in the sockets when boards

are flexed.

All printed circuit cards shall provide a convenient and positive means of
removal from, and insertion into, & card bin without the use of a separate
tool. Handles, finger holds, oT similar means may be used. The selected
technique shall permit easy removal and insertion without damage or undue
strain on card bin frames, the units and wiring on the printed circuit card,
or the connectors on the printed circuit card or card-bin. The maximum
insertion oT extraction force for any printed circuit card or other plug-in

assembly shall be less than ten pounds.

All printed circuit cards shall conform to the applicable paragraphs of
FAA-G-2100, unless technical justification is provided to the Government for
approval via contract letter. One-part connectors and base boards meeting the

requirements of MIL-STD-275 are permitted.

3.8.1.14.5 Solderless Wrapped Electrical Comnections.- Solderless wrapped
electrical connections may be used with appropriately designed wraposts
(terminals) . Solderless wrapped electrical connections shall be in accordance
with MIL-STD-1130. Copper conductors shall be annealed, oxygen-free high
conductivity solid copper wire as defined in ASTM-B224.

3.8.1.14.6 Printed Circuit Card Connectors.- The number of pins on 2 printed
circuit card shall be 310 or less, not including test points. Additionally,
at least 20 percent -spare pins shall be provided. The connector receptacles
and the printed circuit card connectors shall be polarized and keyed such that
the printed circuit cards can be inserted with the correct sense only and that
the proper type of printed circuit card can be inserted in 2 given location.
The keying method shall not affect the number of pins on a connector. In the
event that polarizing keys are used, they shall not be able to be removed
during normal insert-remove operations. The particular edge-board (one-part)
connector to be used shall conform to an American standard. DIN type
connectors shall mnot be used. Mating connectors shall be designed for
repeated use and long term reliable performance without jamming OT damage as &
result of frequent casual insertion of printed circuit cards. At least 100
casual (as contrasted with "careful") insertion and removal cycles of the
printed circuit cards shall be possible without damage, degraded operatiom, OT

reduced reliability-

-158-



FRA-E-2763b
May 6, 1988

3.8.1.14.7 Circuit Card Assembly Test Points.- Sufficient test points and
carmectaors shall be pravided on all circuit card assemblies to meet the
automatic diagnostic requirements for the ATE recommended per the SOW. Test
points used for critical on-line measurements shall be easily accessible
without the use of card extenders so as not to interrupt the search data flow
during preventive maintenance inspections.

2.8.1.15 Controls.- All circuits shall be so designed that no damage results
from the equipment being operated with the operating controls and maintenance
adjustments set to any possible combination of settings. No circuit breakers
shall trip as a result of actuaticn of any operational controls. There shall
be ro noticeable lag between the actuation or adjustment of controls and the
effect of the actuation or adjustment. All controls shall have calibrated
markings to permit setting to predetermined positions, except where it can be
demonstrated to the satisfaction of the Government that this is impractical or
unnecessary. Maintenarce adjustment controls shall employ small knurled
knobs. Where the special nature of a functicn makes a large knob or
screwdriver slot desirable, the use of such controls shall be subject to
specific Goverrment approval.,  Motor driven switches and controls are
prohibited except for waveguide switches, motor-driven auto transformers, and

anternra paolarization cemtrols (if applicable).

z.8.1.15.1 Location of Controls.- All frequently used controls on plug-in
LRUs shall be accessible without removal of the LRU from its normal position.
Controls on units using vertical parel construction shall be on the front
surface of the parel of the unit with which the control is associated.
Controls for horizontal chassis units shall be mounted on front panels or
immediately behind front access parel doors of each unit. All controls shall
be mounted so as to minimize the possibility of persornnel coming in contact
with high voltages or units sperating at high temperature, or both and shall
be in conformance with FAR-G-21@8, paragraph 3.5.6.2. Wirestraps and plug—-in
jumpers are prohibited as a means of control. Dual In-line Package (DIP)
switches and suitable ratary controls shall be used. All controls on LRUs
must be accessible without placing the LRU on an exterder card or ctherwise

disrupting cperations.
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z.8.1.16 Unit Requirements. -

3.8.1.16.1 Semiconductors.— Military standard semiconductors shall be
selected in accordance with paragraph 3.5.5.20 of FRA-G-218@. All non-JAN
devices shall be screened in accordance with Table II of MIL-S-1950@. All
device types shall be tested to the Group A, Table III AND Group B, Table IV
quality conformance requirements of MIL-S5-1950@, as a minimum. The following

device restrictions apply:

(a) Only sclid glass metallurgically bonded axial lead diodes and
rectifiers shall be used, except in the case of ceramic sealed,
chip PIN dicdes operating at microwave frequencies.

(b) TO-S packages shall be limited to the solid metal header type.

(c) All semiconductor device Juricticons must be protected, and no
arganic or desiccant materials shall be included in the package.

{d) Devices using aluminum wire shall rot use thermocompression wedge
bonding.

(e) Aluminum TO-2 packages shall nuot be used.

(f) Germanium devices shall rot be used.

(g) Power semicenductors shall be derated per AFSC Pamphlet 8@@-&7.
3.8.1.16.1.1 Semiconductor Terminal Identification.- All discrete ?
transistors mounted on LRUs shall have a character "C," representing the
collectar, on the wiring side of the circuit board in a location approximating

the collector terminal. In the case of field-effect semiconductors, the
character "D, " representing the drain, shall be used.

3.8.1.16.2 Microcircuits.- Microcircuits shall be selected in accordance
with FAR-G-212@, paragraph 3.5.5.13. All non-JAN devices shall be tested in
accordarce with the Class B screening requirements of MIL-STD-883, Method 5004
and S0@a8, as applicable. All device types shall be tested to the quality
conformance requirements of MIL-STD-883, Method S@@S and S0@@8, Class B.

3.8.1.16.2.1 Integrated Circuits.—- In addition to meeting Requirement 64 of
MIL-STD-454, Integrated Circuits shall be derated per AFSC Pamphlet 8@@-27.

3.8.1.16.2.2  Sockets for Microelectronic Devices.- ALl semiconductor and
integrated circuit uriits shall be mounted as specified in FAA-G-210@, except
that other mounting techniques (e.g., sockets as specified in paragraph
3.5.5.21.1 of FRA-G-21QQ) will be permitted in asscciation with wirewrapped
integrated circuit assemblies. In the event such deviation is necessary, the
contractor shall obtain specific Gaverrnment approval for the mount ing
technique and/or sockets with reliability data to support such use.
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3.8.1.16.3 Critical Parts.- Hybrid (including radio frequency, microwave,
and millimeter type) and complex monolithic microcircuits shall be considered
critical parts as defined under "Reliability Critical Items" in MIL-STD-785.

3.8.1.16.4 Nonaxial-Leaded Parts.- Nonaxial-leaded parts (excluding
transistors and integrated circuits) shall be mounted against or as close as

possible to the LRU.

3.8.1.16.5 Relays.- Relays shall require Government approval using a Request
for Nonstandard Parts and shall conform to the requirements of FAA-G-2100. In
addition to the requirements of FAA-G-2100, relays utilized in the system
shall meet the following requirement. A circuit diagram shall be provided on
each relay. All chassis-mounted relays shall be of the plug-in type. The
number of different relay types used shall be held to an absolute minimum.
Each DC relay coil shall have a suitable damping diode or other device to

eliminate transients.

3.8.1.16.6 Transformers.- A three phase power transformer may be used where
isolation of the three phase power line is required for use within the
transmitter cabinet. This transformer shall meet the requirements of MIL-T-
21038, Class R, Life Expectancy X; but shall be excluded from meeting sealing,
immersion, vibration, and shock requirements of Grade 4 units. Material used
in construction of the transformer shall meet the design requirements of MIL-
T-27, Grade 4; however, air cooled open winding construction may be used
provided that the transformer is located physically within the transmitter
cabinet and a metal protective cover is provided. All other transformers
shall meet the following requirements.

3.8.1.16.6.1 Transformers, Inductors, and Coils.- Transformers, inductors,
and coils shall be in accordance with the table below and with FAA-G-2100,
paragraphs 3.5.5.24. Transformers and inductors used for audio, power, and
high power pulse shall have solder-type or screw terminals. Single phase AC
line operated transformers shall not have more than three secondary windings

and one centertap.

SPECIFICATION GRADE TEMPERATURE CLASS
MIL-T-27 (See note) 4 or 5 R
MIL-T-21038 (See note) 4 or 5 R
MIL-C-15305 1 B
MIL-C-39010 - B

(NOTE: Life expectancy X, MIL-T-21038)

Transformers, inductors, and coils shall be designed and built per the
requirements of MIL-T-27, but will not be tested per MIL-T-27. All testing
shall be as part of a larger subassembly or assembly with the following

provisions:
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Should a part fail twice during any Phase I, II, 11II, or IV test, the
contractor shall perform all tests required by MIL-T-27 for parts of the type
that failed. A part is defined as any transformer, coil, or inductor required
to be designed and tested per MIL-T-27. Since the reliability calculations
for the individual MIL-T-27 parts far exceed the 20-year life expectancy of
the ARSR-4 system, two failures of the same type part will invoke full
compliance of MIL-T-27 testing for that part. Additionally, the contractor
shall retrofit all existing ARSR-4 systems at no added cost to the Government.

3.8.1.16.7 Batteries.- In the event that batteries are provided to meet the
requirements for operation, only rechargeable batteries with appropriate
recharging circuitry shall be provided, used, and their selection shall be in
accordance with FAA-G-2100, paragraph 3.5.5.1; except that magnesium dry
batteries are not permitted. Individual batteries shall be completely sealed
and shall not vent gases, liquids, or chemicals except in the event of
physical damage by external mechanical means. The battery supply shall not be
sensitive to orientation of the equipment during operation, transportation, or
storage. Exceptions to this requirement, such as "keep-alive" batteries for
clocks and memories, shall be subject to Govermment approval.

3.8.1.16.8 Electrical Filters.- Electrical filters, except radio -
interference filters, shall be selected in accordance with FAA-G-2100
Radio interference filters shall conform to MIL-F-15733.

paragraph 3.5.5.7.

3.8.1.16.9 Ferrous Materials.- When ferrous materials are used with prior
approval of the Government, they shall be in accordance with FAA-G-2100,

paragraph 3.6.4.

3.8.2 Electrical Requirements.-

3.8.2.1 Transient Protection.- All equipment shall be protected from damage
by electrical transients as defined in FAA-STD-020.

3.8.2.1.1 Surge Protection.- Protective devices shall be provided as
necessary to prevent damage to the equipment from surges on either the AC
power lines, or the remoting lines. The protective devices shall be capable
of limiting initial spikes, as might result from nearby lightning strikes, to
a value that will not damage any equipment. The protective devices shall be
capable of withstanding repeated surges without damage or change in operating
characteristics. The protective devices shall be in accordance with the
applicable parts of paragraph 3 of FAA-STD-019 and paragraph 3 of FAA-STD-020.

The ARSR-4 shall not output false operational or maintenance signals as the
result of turning on or off any off-line unit (if provided), or any LRU
therein, or any LRU in the on-line unit.
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3.8.2.2 Ripple Voltage.- Ripple voltage, defined as the peak-to-peak value
of a simple or complex waveform consisting of power line frequency components
and harmonics thereof, and synchronous or repetitive nonsynchronous
transients, shall not exceed 10 mV or 0.l percent, whichever is greater, for
all except switching type power supplies. The contractor shall be responsible
for determining the maximum permissible level of ripple from switching power
supplies required for specified equipment performance characteristics.

3.8.2.3 Svstem Grounding Regquirements.- Requirements for gfounding.
shielding, bondihg, and transient protection shall be as specified in FAA-STD-

020.

3.8.2.3.1 Grounding Practices.- The Government will furnish the earth ground
and AC power ground at installation locations. The contractor shall furmish
all other grounds as required by FAA-STD-020. '

3.8.2.3.2 System Grounding.- A common system grounding design shall be used
for all subsystems and units to be delivered under this specificatiocn. The
grounding design shall contain three discrete subsystems:

- (a) One that bonds together all cabinets and frames and shall be in
. accordance with FAA-STD-019 and FAA-STD-020.

(b) One that connects all signal return wires and shall be in
accordance with FAA-STD-01l9 and FAA-STD-020.

(c) The AC power grounds shall be in accordance with FAA-STD-019 and
FAA-STD-020. . )

3.8.2.4 Power Supply Protection.- For loads up to 1.5 times the normal load,
power supplies shall maintain an essentially constant voltage characteristic.
For any continuous load in excess of 1.5 times the normal load, up to and
including a dead short, current limiting shall ccecur such that no damage is
inecurred by any power supply parts; no circuit breakers are tripped; and the
power supply voltage returns to normal when the normal load is restored.
3.8.2.4.1 Load Protection.- Instantaneous overvoltage protection (e.g.»
crowbar type circuitry) shall be provided on all power supplies used to drive
voltage-critical devices. There shall be no transients or surges at turn-on,
or upon restoration of power following a power loss, that could cause
equipment failures or circuit breakers to trip. The equipment shall
automatically discomnnect the voltage from circuits which would be damaged .by
loss of, or deviation from, its normal value of bias voltage. Load point
regulation shall be employed as required to insure that voltages as measured
at thae load are within the nominal range for driven circuitry. ' '
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3.8.2.4.2 Sequlaticn.- All power supplies shall be electronically regulated to
maintain cutput voltages within = 1 percent as the joad is varied from 20 percent
less than, to 50 percent more than, the normal load; and as the line voltage 1is
varied between service condition limits, wich primary power line regulators (if
used) in the circuit. The output voltages‘of these regulated supplies shall be
adjustable to any value over a range of + 10 percent of the nominal value, and
the regulation ripple specifications shall be met for any and all settings within
this range. Power supply output voltage shall not change by more chan = 1 percent
from the initial secting over the service conditions. The regulation and ripple
requirements are minimum requirements, and it shall be the contractor's
responsibility to design the equipment with such additional reduction in ripgple
and improvad regulation as is required to meet all specified performance
requiremencs. A separate, independent voltage reference solid state device shall
pe used fcr each regulated power supply voltage, and the regulation of one power
supply voltage shall not depend on another power supply voltage for reference.

3.8.2.4.3 cower Supply Indicators.- fach circuit protected by 2 circuit breaker
shall have an indicator lamp which shall provide positive jndication when the
circuit breaker is opened. Neon indicator lamps shall be used where possible.
Indicator lamps shall be uniformly located with respect to their associacad
circuit brezakers. Each power supply shall also have an integral indicater lamp tO
show when the power supply itself fails,, as contrasted to a fault which would trip
che breaker. Each power supply failure shall be reported toO the RMS.

31.8.2.4.4 Power Supply.Metering.- Meters and associated switches for use in
measuring all power supply output voltages and currents shall be furnished. The
preferred location of these switches is on the front panels of the cabinet
containing the circuits to be metered. They may be located elsewhere, provided
they are wvisible with the cabinet docors opened. Meters are not required where the
oMS has an aquivalent direct reading capability or the contractor and the
Government mutually agree chat voltage test points would be sufficient. Cach meter
shall be provided wich a replaceable card insert mounced near the meter T2
designate the proper reading of each associated switch position. Operation of
maecer seleczor switches shall not interfere with proper subsystem and system
performance. When shunts are used in conjunction wich meters toO read currents,
especially specified meter movements over and above military specificacion
requiremencs shall be employed with the resistance of the meter -movement held to
close tolerances Co permit a 3 percent overall accuracy in true load current
measuremencs. Meter calibration test points shall be provided across each meter.

3.8.2.5 Flectromagnetic Interference and’ Suscepribilities.- The equipment shall be
designed and constructed to meet the interference and susceptibility requirements
of MIL-STD-461 and MIL-STD-462 for Class A3 equipments with the following
excepticns. For test CE03 (broadband) in MIL-STD-461C, the specification limit
shown in Figure 2-3 shall be changed to be a line excending from 16048 above
1pA/MHz a= 15kHz to 50dB above 1pA/MHz at 6MHz to 5048 above lpA/MHz at S0 MHzZ.
Ffor test REZJ2, the limits shall be theose specified in MIL-STD-451D for test RE102
except that the limic at 51 .6MHz shall be 55dBuV/m. The cornicracter shall cgrepare

-

and submit an interference control plan in accordance wich the SOW.
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3.8.2.6 Electrostatic sensitive Parts.- Certain tyPes of electrical and
electronic parts are susceptible to electrostatic discharge damage - The

contractor shall jmplement and maintain 3n Electrostatic Discharge Control

program in accordance with DOD—STD-1686.

4 Logistics-~ The contractor shall design che ARSR-4» both

3.9 Maintenance an o4
electrically and mechanically, to promote the Maintenance Concept and Logistic

approach in the following paragraphs.

3.9.1 Maintenance Concept.~ A three-level maintenance concept shall be
employed for the ARSR-4 . These three levels are 23S follows:

(a) Site (organizational)
(b) Shop (intermediate)
(c) Depot

The locations at which the respective maintenance trasks will be performed are

as follows:
(a) ARSR-4 sites
(b) Work center

(c) EAA depot

3.9.1.1 site-Level Maintenance-~ Maintenance is performed at this level on
systemss subsystems, and support equipment in direct support of ARSR-4
operations: 1t includes system maintenance monitoring; system fault
isolations and correction of system failures +hrough the removal and
replacement of LRUs; but does not jnclude disposition, repairl, service,
calibrations and gerification of the removed LRUs. Removed LRUs will be

forwarded TO the work centeT and/or depot for repair-

Level Maintenance.~ Maintenance is performed at this

3.9.1.2 Work Center
ljevel in direct support of site—level maintenance and involves dispositions

repair, gervice, calibration, and verification of units removed during site
maintenance- 1t normally excludes activities requiring equipment, facilities,
or skills chat can be provided more economically at the depot level.

3.9.1.3 Depot Level Maintenanceé-~ This level of maintenance jncludes the
responsibility for repair of LRUs, such as printed circuit boards, which are

beyond che economic or skill capability of the work center maintenance level
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3.9.2 Lo istics.-
===—=£ Logistics

3.9.2.1.1 System Level Test Equipment, - The test equipment necessary for
system maintenance, i.e., fault isolation down to the LRU level, shall be kept
ini i all be primarily'performed by BITE and

3.9.2.2 Parts Selection.- The ARSR-4 design shall make maximum use of
standard, approved parts already in the Government inventory.

3.9.2.3 Personnel. -
=t=:£.2 rersonnel

3.9.2.3.1 Maintenance Personnel.- There are four major maintenance functions
(monitoring, diagnostic, repair, and Preventive maintenance) that must be
quantified apg supported by maintenance Personnel per Faa delineation of
Personnel levels, The ARSR-4 shall be maintainable by personnel defined by

these levels.:

(a) Developmental Specialist: An uncertjfied technician who performs
maintenance tasks at the site, shop, or depot level.

(b) Systems Specialist; A certified technician whe performs
maintenance tasks at the site, shop, or depot level,

(c) Systems Analyst: ap analyst who Provides the in-depth System

(d) Systems Engineer: ap engineer who Provides systems ma

3.10 ARSR-4 Program Support Facilitz (PSF).~ The ARSR-4 PSF shall be anp
independent facility, collocated with the ARSR-4 to be installed at the FAA
i lahoma City, Oklahoma. The ARSR-4 PSF shall include

all of the equipment, supporting software and firmware, and documentation

required for the development, maintenance, testing, analysis and
of the ARSR-4 functional Programs. The ARSR-4 at the Aeronautica]l Center will
be availaple to the users of the ARSR-4 psF. The ARSR-4 psF shall include the
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3.19.1 Processors.” The internal ARSR-4 PSF processors shall include
sufficient memory and power to support six simultaneous users who may be
performing any of the following:

{a) Text editing

(b) Program assembly or compilation

(c) Linking or loading programs appropriate to software maintenance
(d) Performing analysis

(e) Rurmiing functional programs.

3.10.2 Software Tools.- The ARSR-4 PSF shall be equipped with software tools
identical to those used in developing the ARSR-4 operational and support
computer programs.

3.18.3 Input/Output Hardware. = The ARSR-4 PSF shall support six, on-line,
locally netted users stations. Equipment shall include an appropriate mix of
interactive CRT terminals, video display terminals, magnetic tape assemblies,
multi-platter disk drives and controllers, and printers as specified in the
contract.

.11 Computer goftware.— The tern vgaftware" as used in this specification
chall apply to all deliverable items having one or more of the following
characteristics:

(a) Computational and control legic represented in a higher order
language or assembly language form and defined as source code to

be interpreted, assembled, or compiled intc machine executable
form.

{b) Executable progran instructions at the microcode or direct machine
executable levels.

{c) All data representations required by executable program logic.

These deliverable items are further identified as being pracessed/executed on
computatianal/control hardware. This hardware cansists of CPUs or
programmable controllers/devices or bsth, whether used as general purpose (as
in the computer subsystem) or dedicated hardware.

All items meeting the above criteria shall be subject to the software

requirements of this specification. Exceptions shall be made only upen
written authorization by the Cantracting Officer.
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3.11.1 Development Planning.- All software shall be designed and implemented
in accordance with a government approved Software Development Plan (SDP)
prepared in accordance with the SOW and DOD-STD-2167 design standards. In
addition, the software design shall accommodate the following requirements.

(a) Identical software, adapted to the local resources, environment,
and workload, shall be installed in each site. Local "patches" to
executable code and data tables shall not be used.

(b) Design emphasis shall be placed on reliability, error detection
and reporting, fault tolerarce, and recovery from abnormal
conditions, as well as functional performance.

(c) The design shall support subsystem and system modification,
enharcement, and expansion throughout the expected lifetime of the
ARSR-4. Provision shall be made in instruction code, data tables,
and data bases, to accommodate additional functions, new
equipment, and new data.

(d) The software design shall provide logical and physical data
independence. Changes made to the logical structure of the data
shall not impact the application programs. Changes made to the
physical structure of the data shall not impact the logical
structure of the data or the application programs. The ARSR-4
software shall permit changes to both the form of storage and to
the position of data in the storage without impact to the
application programs or the logical structure of the data.

(e) The software design shall provide data integrity. It shall
protect data from accidental loss or damage.

() The software design shall provide a controlled approach to adding
new data and to medifying and retrieving existing data. It shall
provide logical data to the application programs as required., It
shall provide status information to the application programs on
the outcome of data requests, including error indications.

(g} The scftware design shall assure that the system is initialized to
a correct, well defined state upon recovery from a fault, and that
all processing interrupted by a fault is properly continued after
recovery.

th) The scftware design shall incaorporate a responsive real-time
operating system with a standard compiler, loader, software
development library (SDL), and cther debug arnd utility tools.

(i) All software shall, when loaded, generate a load message to the
operatcr to supply the software name or function, the software
release and revision level, and the Site ID, if applicable.
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3.11.2 gofrware Architecture.— The architecture shall minimizée the
complexity of interfaces petween software units and keep unrelated functions
separated. The software requirements shall be decomposed into computer
software configuration jtems (csC1)» top level computer goftware components
(TLCSC), lower-level computer software components (LLCSC), and units, using 2
top down 2P roach. There shall be design craceability between successively
more detailed levels of abstraction from the most abstract jevel to 2 level
sufficient for code implementation. Each level shall be complete 2o
jndependent containing definitions of data and the operations

3.11.2.1 nit Atgributes-” The software design shall be £unctionally and
operationally anitized 2S specified in DOD—STD—2167 to:

(a) Facilitate system and subsystem expansions modification, and

configuration control.

(b) Enhance system reliability for facilitating fault detections
diagnosis, containment, recoverys and fault—tolerant behavioT:

(c) Facilitate data base changes to the lowest practical level without

large progra® reassemblies.

Each unit shall perform a single unique function, with inputs» outputss and
interunitAinterfaces clearly defined. Each unit shall be separately

compilable.

Each unitvshall consist of a specification part, data declarations: and
sequence of statements: The specification part shall contain the jnformation
pnecessary to use the unit without describing the jnternal details of how the
gnit operates: The data declaration shall define the jogical entities needed
by the unit, and the sequence of statements shall define the operations to be

performed.

only statements within 2 unit shall access private data of that unit: Other
units shall access through interfaces provided by the unit.

3.11.2.2 Design Representation.— The design shall be represented ijn a manner
which ensures craceability to the requirements of this specification. The
representation shall be maintained as part of the design dat? base.

3.11.2.3 goftware Documentation Tm lementation.— All goftware shall be
with the requirements
rware S

documented in accordance specified in the soW and
throughout this specification. All sof hall be implemented in
accordance with the standards established in the spPp in the SOW.
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3.11.2.4 Code Regresentation.— A single Higher Order Language (HOL) shall be
wa

used for support software and this HOL ot another single HOL shall be used

for the operational software with the exception of LDC software- The LDC

software shall use either the HOL used for the operational software OT PLM.
One of the following HOLs which uses a compileT shall be used for either the
support software OT for the operational software, OF both.

(a) Cc
(b) Fortran
(c) Modula 2

(d) Pascal

An Assembly language jnstead of an HOL may be used in the ARSR-4 operational

software within the following conditions:

(a) Less than 10,000 1ines of code of the total operational software,
excluding the operating system, may be in Assembly language-

(b) Assembly language shall only be used in areas of time criticalitys

1/0, and interfacing t° the operating system.

(e) Technical justification for each module of Assembly language code

developed for the operational software shall be provided to the
Government.

(d) O£f—the—shelf non—operational code such as compilers, linkers,
host operating systems, etc, may be in Assembly language-

(e) A1l software written for the PSF will be in an HOL.

3.11.3 S ecial Tools Standards and Techni ues .- Automated tools shall be
cware developme

used to support the sof nt process, and to record, analyze, an
maintain the ARSR-4 software design. The specific tools and trechniques tO be
used shall be jdentified in the software development plan in accordance with

DOD-STD—2167.

The tools shall be applicable throughout the software development and
maintenance 1ife cycle. They shall address all aspects of software designi
including algorithms, data structures and files, and interfaces. The tools
shall encourage and facilitate design of software in accordance with approved

design techniques and standards-
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All software tools or techniques used to support software development and

implementation, along with gufficient documentation tO allow an operator to
understand and use these tools, shall be delivered tO the government as part
of the ARSR-4 PSF (3.10)- All software, including commercially available
software, provided as part of the ARSR-4 PSF shall be evaluated and documented

in accordance with DOD-STD-2167.

3.11.4 Not used.-

_.‘___—_,._-—-——-—""

3.11.5 software Reliability Design Features.= ARSR-4 software shall have the
lity characteristics.

following reliability and qua

(a) Fault Avoidance - The software shall be specified, designed, and
implemented to achieve high reliability in accordance with the
detailed software design and construction requirements presented

in 3.11.

(b) Fault Detection - Reasonableness detectionlisolation checks shall
be designed into the software to aid in troubleshooting system and
subsystem failures.

(c) Fault Tolerance - The software shall provide fault tolerant
mechanisms that ensure continuing required functions without
causing an interruption in service. These techniques include, but

are not limited to:

(1) Recovery block schemes (which cause switching to a spare
block of code) .

(2) Protective redundancy (which includes multiple storage of
critical variables and data, diagnostic programs, and
automatic program reloads) .

(3) The BTP and the search target processing, up to the output
of the target extraction function, shall be designed to
handle the maximum possible data load for the full search

detection envelope. From the output of the target
extraction function to the output buffers of the message
formatting function, the system shall handle the maximum
data load that can occur based on the clutter model
(appendix A). 1f the actual clutter conditions encountered
at any ARSR-4 site are greater than those specified in the
clutter model (Appendix A) and Table 3-1, the system shall
still have the capacity t° contend with any maximum data
load. In no case shall a data overload causeé the system ©T

any part of the system to fail.
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(d) Fault Containment - The following fault containment considerations
shall be incorporated into the ARSR-4 software design.

(1) The software design shall provide protection against the
propagation of software errors. No information shall be
passed unless computer software component error boundary

conditions are satisfied.

(2) The system shall detect errors in operation or data
introduced by incorrect synchronization of software.

(3) Search data overload conditions shall not impact beacon
target processing or reporting.

3.11.6 Software Maintainability.- ARSR-4 software shall have the following
maintainability characteristics:

(a) Software performance monitoring and software maintenance
operations shall not interrupt normal system operation.

(b) ARSR-4 software shall be designed as a collection of software
units.

(¢) All software units pertaining to the operational software shall be
written in the same HOL. All software units pertaining to the
support software shall be written in the same HOL. Software
languages acceptable for use are listed in 3.11.2.4.

(d) Each software unit shall include error detection and exception
handling capabilities.

(e) Each unit shall be separately maintainable.

3.11.7 Firmware.- Computer programs or microprograms that are loaded in a
class of memory (Read-Only Memory (ROM), Programmable Read-Only Memory (PROM),
or writable control store) that cannot be dynamically modified by the computer
during processing shall be considered firmware and shall be developed
according to DOD-STD-2167. The application of DOD-STD-2167 requirements and
documentation depends on whether the firmware is designated as a CSCI or as
part of a hardware configuration item (HWCI). 1If the software to be
implemented in firmware is designated as a CSCI, all the requirements in DOD-
STD-2167 apply, as tailored by the contract. 1f the software to be
implemented in firmware is considered part of the HWCI, the contractor shall
identify the requirements, specified herein, in the SDP and apply these
requirements subject to government approval.
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3.11.8 Microprogramming.- The government considers microprogramming to be a
method of implementing the control functions .of a processor (microprocessor Or
large scale processor). Requirements for modifications or additions to the
control functions (microprogramming) shall be submitted by the contractor and
approved by the government prior to implementation. All microprogramming
shall be compliant with requirements concerning maintainability, reliability,
and documentation stated within this specification.

3.11.9 Computer Programs for Microprocessors.- Computer programs (software)
intended for execution on a microprocessor shall be considered to have the
same requirements as computer programs intended for execution on large scale
processors. Such computer program implementations shall be subject to all
software constraints and requirements. All microprocessor implementations
shall be compliant with requirements concerning maintainability, reliability,
and documentation stated within this specification.

3.11.10 Software Spare.- At system acceptance following Qualification Test
and Evaluation (QT&E - Phase 1 and Phase 2), the data processing configuration
shall provide the following margins for spares and growth while meeting the
delay requirements of paragraph 3.4.1.14 with the user configuration described
in paragraph 3.5.13(1). This spare and growth shall also apply to data
processing accomplished on microprocessors and microcomputers.

(a) Primary memory spares. The computer configuration shall include
at least 100 percent addressable contiguous spare capacity in all
computer modules and data structures with no modificatiomns in the
equipment, no restructuring of modules, and no restructuring of
1/0 operations. At the completion of Phase IV testing, each ARSR-
4 shall have a minimum of 90 percent of spare memory remaining
unused.

(b) Mass storage spares. The computer configuration shall include at
least 100 percent addressable contiguous spare capacity in all
data structures contained in mass storage with no modifications in
equipment, no restructuring of modules or data structures and no
resequencing of I1/0 operatioms. However, 10,000 bytes of memory
from this additional storage capacity may be used while
transitioning from ARTCCs to ACFs. At the completion of Phase IV
testing, each ARSR-4 shall have a minimum of 90 percent of spare
memory remaining unused.

(c) CPU spares. Under worst case CPU loading (over a 1/2 scan
period), the delivered CPU usage (processing time) shall not be.
greater than 50 percent of capacity.
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(d) Upward growth. The delivered configuration shall either include,
or permit by addition, units without induced change, modification,
redesign of power supplies and air conditioning; <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>